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Foreword

Noise is an unwelcome byproduct of our present
way of life. At home, in traffic, at play and at
work, on the farm and in industry, everyone is
being exposed to more and more noise from a mul-
titude of sources. Although there have been many
studies on the various physiologic and psychologic
effects of noise, much more needs to be done to
learn the full significance of such effects.

The number of workers subjected to potentially
harmful noise levels probably exceeds the number
exposed to any other significant hazard in the
occupational environment. Increased mechaniza-
tion and speeding up of industrial processes have
often been accompanied by increased noise. In
some cases, prolonged exposure to such noise can
produce a permanent adverse effect on hearing
ability., Because of the great diversity in noise
environments, the differences in exposure time, and
varying individual susceptibility to noise, the de-
aree of hazard in many industrial situations has

not yet been clarified. The problem is further com-
plicated by the fact that hearing loss develops in
a high percentage of the population as part of the
aging process.

There is a pressing need for industrial noise
standards. Despite the lack of sufficient reliable
data for the correlation of noise exposure with
hearing changes, it has been necessary to provide
guidelines for the establishment of hearing conser-
vation programs, for adjudication of compensation
claims, for the development of regulations, and for
the design of industrial processes. Several types
of standards or criteria for such purposes have
been proposed and are being applied in various
ways.

The studies reported here present data which
should help to verify the accuracy and reliability
of different criteria which have been suggested.

Harorp J. MagNuson, M.D.
Chief, Division of Occupational Health.
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Abstract

The relationship of changes in hearing acuity
to long-term exposure to industrial noise was
studied in Federal penitentiaries during the period
1953-59 by the Division of Qccupational Health
of the U.8. Public Health Service.

The workers studied were employed in textile
mills: wood products and sheet metal products
manufacturing; brush, shoe, and clothing factor-
ies: and printing. Overall noise levels in these
operations ranged from approximately 75 to 110
decibels.

Men employed in these plants had their hearing
tested periodically. A group of approximately
600 men was maintained during the course of the
study. Since replacements were made to take
care of turnover, data were collected on 1,952 dif-
ferent individuals during the study. Of these,
Lovo had preemployment audiograms.  Approxi-
mately 12,000 men had their hearing tested at the

time of admission to the penitentiaries.

Findings are compared with four well-known
proposed sets of criteria. For hearing conserva-
tion purposes the findings are in agreement with
the recommendations of the Subcommittee on
Noise of the American Academy of Ophthalmol-
ogy and Otolaryngology and Air Farce Regula-
tion 160-3. In general, the damage risk eri-
teria proposed by Rosenblith and Stevens for
broad band noise are also confirmed. The
theory that narrow band noise requires more
stringent. criteria is not substantiated by the
findings of these studies, if the definition of
Air Force Regulation 180-3 for such noise is em-
ployed. Approximately half of commonly en-
countered industrial noise would be classed as nar-
row band by this definition. The lower limit of
50 sones per octave band, as proposed by Hardy,
does not always provide sufficient protection.
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Introduction

During 1953 and 1954 a series of studies was
started by the U8, Public Health Service at sev.
vral Federal penitentiaries for the purpose of ob-
taining data on the relationship of changes in
hearing acuity to long-term exposure to industrial
noise. These studies involved periodic testing of
the hearing of workers in a number of the indus-
trial plants operated by the Federal Prison In-
dustries, Inc., at the penitentiaries in Lewisburg,
Pu., Leavenworth, Kans., Atlanta, Ga., and Terre
Haute, Ind. The types of industries included were
cotton and woolen textile mills; wooden and metal
furniture manufacturing: shoe, clothing, and
brush factories: and printing. The operations in
these plants produce noise environments having
total sonnd pressure levels in the approximate
sange of 75 to 110 decibels. Present evidence, as
well as that available when the studies began,
indicates that sustained exposure to noise exceed-
ing the higher figure is likely to produce adverse
effects on hearing, while, on the other hand, de-
monstrable harm seems improbable when noise
levels are kept below the lower figure. Thus,
standards designed to protect hearing from ad-
verse effects by noise are likely to lie somewhere
within the range encountered in the industries
studied.

A brief description of these studies was pub-
lished in 1954, and a report of some of the findings
was published in 1958. That report is reprinted
here as an appendix. The purpose of this report
is to present in more detail the overall findings
from the beginning of the studies up to July 1,
1959,

There have been numerous and widespread ef-
forts, particularly during the past decade, to ac-
cumulate velinble data from which criteria for an
acoustically safe environment can be developed.
Much progress has been made during this period.
but many ecritical questions are still unanswered.
It is likely that many more years will pass before
more reliable, precise standards for certain types
of noise exposures can be developed. The reasons
for these difficulties have been thoroughly dis-
cussed in the literature (7). Some of them are dis-
cussed elsewhere in this t~port. Tt is sufficient here
merely to state that the problems involved in de-
veloping criteria are complex, among other rea-
sons, because of (1) the wide variety of noise ex-
posures with respect to duration, intensity.
continuity, and frequency characteristies; (2)
variation in individual susceptibility to noise; (3)
difficulty in determining how much of any change
in hearing level might be due to temporary shift in
hearing threshold; (4) the extent to which changes
are brought about due to aging; (5) the effects of
nonoccupational noise exposures upon hearing:
and (6) difficulties in conducting meaningful stud-
ies of large industrial populations without dis-
rupting production or work schedules.

Various agencies, organizations, and individuals
both in the United States and abroad have pub-
lished suggested standards for noise, not only for
damage risk and hearing conservation but also for
speech communication and annoyance. This re-
port, however, will be confined to the questions of
damage risk and hearing conservation.

Environmental Studies 15
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General Description of Studies

Initially, approximately 600 workers in the
industries under study were selected, and their
hearing was tested periodically. The original
procedure was to conduet hearing tests at 3-month
intervals.  This schedule was later moditied. as
described elsewhere in this report. As members
of this group of workers, henceforth referred to
as the “studyv group,” were transferred out of the
industries for any reason, they were replaced in the
study group by other individuals having similar
noise exposures.

After the studies were started, routine audio-
metric testing became a part of the physical exami-
nation given each inmate when he entered the
institution. Since there had previously been no
audiometric te:'ing, no data were available on the
hearing of those in the original study group prior
to their assignment to the industry. The entrance
examination audiograms, however, provided such
baseline information for most of the men replacing
those in the original study group.

With the turnover in employment, a total of 1,952
men were included in the study group at some ti~:e
or other during the period covered by this report.
Preemployment audiograms were available for
1.070 of these men.

Work histories prior to admission to the peniten-
tiaries were not obtained. Consequently, no infor-
mation is on hand to indicate previous noise
exposures of signiticance. While such data would
be desirable, particularly in considering the hear-
ing of specific individuals, the general hearing
level of men admitted to the institutions indicates
that the men in the study group were generally not
subjected to signiticantly unusual amounts of noise
prior to entering the institutions.

At the time the studies were begun, groups of
workers not exposed to excessive noise on their jobs
were included for control purposes. However,
with the subsequent availability of audiometric
data on large numbers of men at the time of admis-
sion. it was decided that these supplemental con-
trol data would not be required.

2

Hearing testing was performed by personnel at
the institutions, »nd the data were sent to the Divi-
sion of Occupaitonal Health of the Public Health
service for filing and analysis. Originally, the
data were placed on marginal-punched hand-
sorted cards. Because of the volume of data in-
volved, a change was made during the course of the
study to IBM cards.

Noise measurements and analyses in the indus-
tries under study were made periodically by engi-
neers of the Division of Occupational Health. The
data obtained were recorded on marginal-punched
cards.

All hearing testing was performed in acousti-
cally treated testrooms in the institution hospitals.
These hospitals are under the direction of Public
Health Service physicians on assignment to the
Bureau of Prisons. The personnel performing the
hearing tests were under the general supervision of
these Public Health Service officers. Dr. Aram
Glorig, consultant on these studies, visited each
of the institutions at the time the study was to
begin and personally instructed hospital personnel
in the audiometric test procedures to use.
Although it was first thought that civil service per-
sonnel in the hospitals would do most ot ihe
audiometry, much of this work was later taken
over by inmates who were on work assignment to
the hospitals.

Since this project continued over a number of
years, there was some unavoidable turnover in per-
sonnel engaged in che audiometric testing. Fach
man taking on such duties received instructions
from his predecessor. It is recognized that this
was not an entirely satisfactory procedure and that
it would have been better for each individual per-
forming hearing tests to have been personally in-
structed by Dr. Glorig. Unfortunately, this was
not practicable. The senior author of this report,
however, had accompanied Dr. Glorig for the orig-
inal instructions, and each time he revisited an in-
stitution, he checked on the audiometric techriques
employed to insure that they continued to be con-
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sistent. In addition, written instructions on au-
diometric test procedures were given to each of
the institutions.

Only pure-tone, air-conduction audiometry was
performed with testing at 500, 1,000, 2,000, 3,000,
4,000, and 6,000 cycles per second (cps). All au-
diometers used met the standards of the American
Standards Association and the American Medical
Association. The audiometers were occasionally
returned to the factory for calibration, but fre-
quent testing of control personnel was primarily
relied npon for assurance that the instruments did
not get out of calibration. The individuals per-
forming the audiometry also were instructed to
test their own hearing each day prior to beginning
tesiing of inmates. In addition, the authors and
other Public Health Service engineers who partici-
pated in the noise studies usually had their hearing
tested during each of their visits to the institu-
tior  This provided a check both on the audio-
metric techniques and the accuracy of the instru-
ments. Consistent results were obtained by this
procedure. This was true not only for the data
obtained at each institution but also with regard
to the ngreemen- of results between the various
institutions.

Hearing of both left and right ears was tested
each time. Originally. as a standard procedure,
the left ear was tested first. After about a year,
this procedure was changed so that the right ear
would be tested first in approximately half of the
cases. This change was made to eliminate any
possible effect on the data from any learning proe-
ess associated with the first ear tested. No par-
ticular difference in the results was observable
from this change in procedure.

As stated previously, men in the study group
were originally tested every 3 months. Our find-
ings during the first vear or so of testing indicated
that changes after the first 3 months were gener-
ally at such a slow rate as to make testing at such
frequent intervals unnecessary. The test schedule
was therefore modified so that testing was lone
3 months, 6 months, and 12 months after assign-
ment to a job and then annually thereafter. With
the exception of the men in the original study
group, each man usually had a baseline audiogram
obtained at the time of his entrance into the in-
stitution. If a period of more than a few months
transpired from his entrance into the institution

until his assignment to an industry, an additional
andiogram was sometimes obtained to serve as a
baseline.

The procedure employed after the adoption of
the revised test schedule consisted of sending to
each institution each monti individual IBM cards
showing the names of the men to be tested during
that month. The audiometric results were writ-
ten directly on these cards, which were then re-
turned to the Division of Occupational Health for
coding and punching. Audiometric data obtained
in connection with entrance examinations were also
recorded on similar cards.

The scheduling of the individual tests during
the month was left to the convenience of each
institution, since there were sometimes special
problems of work schedules not only in the indus-
tries but also in the hospital. The usual proce-
dure, however, was for the hospital to send the
industry a list of the men to be tested on a given
date. These men were then sent, under escort,
from the plant to the hospital in small groups
in order to minimize interference with plant
operations.

As is usually the case in industrial studies of
this type, it was practicable to do audiometric
testing only during the regular day shift. This
meant that men employed on that shift would re-
port for hearing tests directly from the workplace
and after one or more hours of noise exposure.
Experience has shown that, where the noise ex-
posure is considerable, some temporary shift in
the hearing threshold develops, the amount of this
shift increasing during the workday. As stated
above, several men were usually sent from the in-
dustry to the hospital in a group. This procedu-e
was followed for security reasons as well as con
venience. Since the men were tested one at =»
time with approximately 5 minutes required for
each test, the period of time away from the noise
in which to recover from temporary threshold
shift was also variable. Because of these vari-
ables, the data obtained were undoubtedly some-
what different from those which would be ob-
tained under an ideal schedule where each mar
is tested after exactly the same period of time away
from noise exposure, preferably after a sufficient
interval to have eliminated any temporary thresh-
old shift effects. Where the primary intevest is
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in the effects of noise upon the hearing of a spe-
cific individual, these variables would be of par-
ticular importance, However, in these studies the
interest was in the effects upon groups and, with
all groups being handled in approximately the
same manner, it is felt that the effects of these
variables tend to cancel out and are of less con-
sequence,

Every effort was made to select the best possible
locations for the audiometer rooms used in the four
hospitals. Convenience and availability were

Noise and Hearing

factors which had to be considered in addition
to the quality of the noise background. Dr.
Glorig assisted in the selection of rooms to be
used for audiometric purposes and in the design
of the acoustical treatment employed. Octave
band analyses of the test environments in the
four institutions are shown in table 1, along with
the minimum requirements for audiometric test
rooms recommended by the American Standards

Association, It will be observed that these re-
quirements were met.

TABLE 1. Octare band analyses showing sound pressure levels in decibels of background noise in audiometric test rooms
usged in study

[ |
Institution location 20-75 t 76-150 150-300 300-600 600-1,200 1,200-2,400 2,400—4,800 t 4,800-10,000 Overall
Atlants.__ . ... ... 52 43 43 3 26 18 10 53
Terre Haute. .. 51 37 35 2 22 17 13 12 54
Leavenworth 3 “ 42 33 2 l 2% 19 16 55
TLewisburg. .............. 49 42 3 28 26 2 2 16 51
500 ‘\ 1,000 2,000 3, 000 4,000 6, 000
American Standard Cri- (300-600) | (60G-1, 200} (1, 200-2, 400! (2, 4004, 800) (2, 400~4, 800) {4, 800--10. 000)
teris ! “ @ €« 52 ; 2] 62
1 American Standard Criteria for Rackground Noise in Audiometer Rooms, §3.1-1960.
® ® o
® o * ¢
° e
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Federal Prison Industries

The Federal Prison Industries, Inc., is a Gov-
ernment-owned corporation which was established
by the U.N. Congress in 1934, The law requires
that goods produced in these factories meet Fed-
eral specifications and that thev may be sold only
to other governmental agencies. \lso, the articles
manufactured must be diversified as to kind to
minimize competition with private industry and
free labor.

As the plans for the study were developed, it
wax decided to include factories located at Tewis-
burg, Pa., Atlanta, Ga., Terre Haute, Ind.,
and Leavenworth, Kans. The operations included
in the study were those involved in printing and in
the manufacture of steel shelving, wooden and
~teel furniture, shoes, brushes, clothing, and cot-
ton and woolen textiles. The equipment used and
manufacturing methods employed correspond to
those in private industry, and the men work the
usual 40-hour week. Sound pressure levels found
are similar to those we have encountered for com-
parable operations elsewhere and agree with data
reported in the literature by other investigators.

The following table gives the approximate num-
ber of employees at each factory:

Aflanta: Cotton textiles. . .__..___ ______ 4N
Terre Haute: Woolen textiles__ ____ . __ 175
l.eavenworth :
Clothing . L~ 80
Shoe 450
Brush _ . __ 180
Woaoden furniture_____________________ 11.1]
Printing .. ... ___ 40
Fewishurg :
Metal furniture_______________________ 360
Clothing ________ . .. 60
Noise Measurement
Procedures

The environmental studies included the determi-
nation of general overall xound pressure levels
throuzhout the various factories, octave band

596977 0— 61— 2

analvses of those operations and areas which ap-
peared to be representative of exposures in the
various departments, and special studies of the
noises of certain operations.

A total of 552 octave band analyses were made
throughout the factories for the purpose of de-
fining the environmental sound pressure levels.
Approximately 3,000 measurements were made
with a sound survey meter to check the general en-
vironmental sound levels prior to the octave band
analyses. Peak sound pressure levels were meas-
ured with a peak meter where they were thought
necessary. .\ number of magnetic tape recordings
were made and later analyzed in the laboratory by
means of the oscilloscope and graphic level re-
corder.

In preparation for the environmental surveys,
floor plans of all the factories were obtained and
the location of each machine was shown. Then
survey meter readings were taken throughout all
areas. From these data it was determined where
octave band analyses should be made.

Sound tevel measurements were made approxi-
mately annually at each selected location over a
T-year period. Measurements were made of the
operations as they were being done on the specific
day of the visit. It was assumed that this would
give a random sample of working conditions. Ex-
cept for the metal furniture plant, there was little
-ariation from day to day or year to year.

The sound-measuring equipment was calibrated
with an acoustical calibrator each morning before
starting, at noon. and again at the end of the day’s
work. Whenever there was any indication that
the equipment was not functioning properly, the
calibration was repeated.

The equipment was moved about in the factory
on a rubber-tired cart equipped with a microphone
boom. With the use of the boom it was possible
to move the microphone close to a factory machine
operator while the instrument operator remained
at some distance and thus did not disturb the sound
field.

-
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Before each octave band analysis, a quick screen-
ing survey was made in the immediate vicinity to
determine the best location for the microphone
for obtaining a set of measurements which would
be representative of the worker’s exposure.

Equipment

Survey meter readings were obtained with a
General Radio Co. sound survey meter. Type
1555-A.

During the first part of the study, a General
Radio Co. sound level meter, Type 759-B, was
used, and during the latter part of the study an
H. H. Scott. Inc., sound level meter, Type 410-C,
was used.

The octave band measurements were made with
an H. H. Scott, i 2., octave band analyzer, Type
420-A.

Both a Rochelle salt erystal and an Altec 633
dynamic microphone were used at various times.
The acoustical calibrator was used to determine
the temperature correction for the Rochelle salt
cryvstal microphone.

The General Radio Co.’s Type 1552-A sound-
level calibrator. and the Type 410-X15 acoustic
calibrator and Type 811-A random noise generator
of H. H. Scott, Inc., were used to calibrate the
respective company's equipment.

The magnetic tape recordings were made with
an Ampex 400 tape recorder operated from the out-
put of the sound level meter.

Laboratory analvses of the magnetic tape re-
cordings were made with the use of either a
Tektronix Tvpe 535 oscilloscope or a Bruel &
Kjaer Type 2304 level recorder.

A General Radio Co.'s Type 1556-A impact
noise analyzer was used to measure impact type
noises,

Atlanta
Cotton Mill

Description of operations.—At Atlanta the cot-
ton textile mill was selected for the study group.
The cotton for the mill is received at a building
located outside the institution’s walls. Here the
bales of cotton are hroken open and the prelimi-
nary processing is done. The material is then
transferred to the picker room where the final
processing begins.  Our study includes those op-
erations beginning at the picker room and ending
with the weaving of the fabrics.

The mill is engaged in the manufacture of cot-
ton duck of two predominant weights. The light
weight is used in the manufacture of mattress cov-
ers, and the heavier weight is used for mail-
pouches and mail sorting baskets manufactured
at the institution.

The mill occupies the larger part of two brick
buildings. One is a three-story building 134 feet
by 382 feet in size. The first floor of this building
is used for the manufacture of mattresses, mail-
pouches, and mail sorting baskets; the second, for
picking, carding, drawing, and slubbing opera-
tions; and the third, for spinning and winding op-
erations. The second building is a one-story saw-
tooth-roof building 172 feet by 470 feet. In this
building the twisting and weaving operations are
done. This structure also has a partial basement
in which the beaming department is located.

The sound pressure levels data are grouped by
departments rather than by machines. Usually
the levels are fairly unifcrm (broughout the de-
partments due to the large numbers of similar ma-
chines. In most cases a man operates several
machines and works in an area rather than at a
single machine.

In the Spinning Department the following op-
erations are carried out: picking, carding, draw-
ing, slubbing, winding, and spinning.

The picker room is about 60 feet by 100 feet in
size and has an 18-foot ceiling. This room has
brick walls, concrete ceiling, wooden floors, and
windows on two sides. A masonry wall separates
this room from the carding area.

The six pickers in the room normally operate
simultaneously. The sound pressure levels are
fairly uniform throughout the room, tending to be
the lowest at the feed end of the pickers, inter-
mediate at the discharge end, and highest between
two machines. The men in this room spend a
large portion of their time at the discharge end of
the pickers removing the rolls of cotton from the
machines and weighing them.

The carding, drawing, and slubbing are done in
a room 300 feet by 135 feet by 18 feet high. This
room has brick walls, wooden floors and ceiling,
and windows on two sides.

The spinning and winding are done on the third
floor of the same building in a room 135 feet by
290 feet with an 18-foot ceiling. It has brick
walls, wooden floors and ceiling, and windows on
two sides.
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There are 74 warp spinning frames and 6 filling
spinning frames, with a total of 16,708 spindles.
These frames are all 31% gage except for one 3 and
one 415 gage. Also, there are 7 winders with a
total of 700 spindles.

The T wist and Wearve Departments are located
in the same room of a one-story building. The
size of this room is 270 feet by 470 feet. It hasa
sawtooth roof of concrete and glass construction
and is 12 feet from the floor to the bottom of the
sawtooth. The floor is concrete and the walls are
brick.

The twisting operations are located along one
side of this room, occupying a floor area 265 feet by
75 feet.

There are 72 twisters with a total of 6,928 spin-
dles. The noise in this area is from the twisters,
augmented by some from the adjacent weaving
operations.

The weave department occupies the remainder
of the room described under “Twist Department.”

There are 387 looms located in this room, rang-
ing in size from 37 to 72 inches. Also located in
this department along the side nearest to the
twist department arve 23 quillers with 390 spindles,
one R-space tape loom, and one 32-space tape loom.
The sound pressure levels are uniform throughout
this area.

The Beaming Department is located in the base-
ment of the building where the twist and weave de-
partments are located. The room is 100 feet by
210 feet and is of masonry construction. Beaming,

Tantk 2. Sound pressure level in decibels and loudness

Hearing

warping, and sizing are all done in this depart-
ment.

Noise data—Sound pressure level measure-
ments were made at five different times over a 7-
vear interval. The results are shown in table 2.
All of these sounds would be classified as continu-
ous, even though in some areas the actual sound is
produced by impacts. This is particularly true in
the weave department, where the noise is produced
principally by impacts: because of the large num-
ber of looms, the hundreds of thousands of impacts
every second result in a continuous noise.

Measurements were made at various locations
in each department to arrive at an exposure level
which would represent the average exposure for
a man working in a given department.

There were no major changes in equipment dur-
ing the study period, and sound pressure levels
were uniform over this time interval for a given
operation.

Graphical presentations of some of the data
from this and each of the other factories are con-
tained in figures 22-35 at the end of this report.

Terre Haute
Woolen Mill

Description of operations.—At Terre Haute the
woolen textile mill was the only industry included
in the study. Although the woolen mill originally
engaged in the manufacture of woolen blankets
and suiting fabrics, during the last 14 years of
the study part of the equipment was used for the
manufacture of cotton blankets.

in soncs by department in the cotton mill at Atlanta

i
; Octave bands—cps
Number ————
Department ! of Perceuntile Unit
' analvses 20-75 | 75-150 | 150-300 | 300-600 ; 600- 1,200~ | 2,400- | 4,800- | Overall
" 1,200 § 2,400 4,800 | 10,000
|
Woenve o 18 | 25th.. ... .. 89 88 91 93 95 95 92 83 102
Median .. 20 88 92 M 96 96 92 86 103
! 75th........... 92 9 93 96 101 97 93 87 108
Median _____. 15 22 36 46 52 58 63 52 147
Beam . - 8| 25th........... 90 84 89 83 80 79 72 65 95
Median .. ... 91 90 90 87 83 80 7 67 97
i 75th. . ... 93 93 91 87 84 81 75 70 98
Median ... .. 16 24 31 28 21 20 17 14 73
Twist A 14 | 25th.. ... .. RS 83 86 86 86 83 80 74 u5
Median 86 85 87 89 88 85 83 78 97
75th.. ... 90 85 87 90 91 89 85 81 99
Median n 16 25 32 30 28 34 30 R4
spin . 38 | 23th. 7 82 84 f3 81 77 72 8 o4
Median .. 83 84 87 88 86 84 81 78 96
sth, . o fdb 90 R6 90 93 89 38 85 R3 100
Aedian .| Sones 8 15 25 30 26 26 30 30 R
® L ® ® ] ® L
4
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The woolen mill is considerably smaller than
the Atlanta cotton mill and could be classified as
a medium-sized mill. It is located in a modern,
one-story, brick building with a sawtooth-type
roof. The interior walls are concrete blocks, the
floor is conerete, and the roof is a combination of
reinforced concrete and glass. The building is
approximately 240 feet by 340 feet with a 20-foot
ceiling. The various departments are located in
separate rooms.

All windows and doors are kept closed the year
around as the temperature and humidity must be
controlled for the proper handling of materials.

The Dyeing and Picking Department is in a
room 100 feet by 120 feet. There is an area for
storage of raw materials and an area for the blend-
ing of the various wools. Equipment located in
this room includes the following: one large picker,
three small pickers, one large dryer, one small
drver, one wool baler. and four dye vats. A large
part of the noise in this room is from the ventila-
tion equipment and the pneumatic conveying
svstem.

The Carding and Spinning Department encom-
passes two rooms. The carding is done in a room
A0 feet by 120 feet. The eight earding machines
are =eparated by 3-foot aisles, with a 4-foot aisle
at each end of the machines.

The spinning is carried out in a room 90 feet
by 120 feet. There are 15 spinning frames, with
2 in one row and 7 in another row.

The Warping and Weaving Department is in a
room 120 feet by 150 feet. Two winding machines
and 1 warping machine are located in one end of
the room, and 42 looms are in the centr:1 portion.
At the other end of the room the fabric is in-
spected. The looms are operated at either 128
picks per minute or 132 picks per minute, depend-
ing on the p.oduction needs. The sound pressure
levels are about 2 to 3 decibels higher at the higher
speed. Inspection is also done in this room.

The Finishing Department is located in a room
120 feet square which contains the following items
of equipment : a soaper, two fulling machines, two
washers, two dryers and scutchers, nappers,
brusher, press, shear, rolling machine, and sewing
machines. Much of the noise in this room is from
the ventilation system.

Noise dato.—Measurements of sound pressure
levels were made at five different times during a
6-year period. The levels were essentially the
same each time except in the weave and warping
department, where the level varied with the speed
of the looms. There appeared to be no difference
in level whether cotton or woolen fabrics were
being manufactured.

The sound pressure levels were fairly uniform
throughout the departments, and men usually op-
erated several machines and moved about consid-
erably. Results of the noise analyses are shown
in table 3. Levels are presented for each depart-
ment, and the combined levels for carding, spin-

Tawvte 3. Sound pressure levels in decibels and loudness in sones by department in the woolen mill at Terre Haute

Octave bands—cps
Number
Department of Percentile Unit
analyses 20-75 | 75-150 | 150-300 | 300-600 [ 600- 1,200~ | 2,400~ | 4,800- | Overall
1,200 2,400 4,800 | 10,000
Woatve aned wearp . 1T 2th . . . ... db_.. o 75 73 7! 85 7 88 87 7 95
Median. ... __. dbh ... H ] 81 L. 89 90 T R1 97
13 (T dh._ ... 9 el R4 89 91 3 92 R4 9
Median. S| Rones__. ... 4 8 16 - 32 10 45 35 94
Drve and nick . 10 28th .. .. b oo 7 80 81 I 75 K 63 5% RY
Median, . .. dh oo RS 85 89 83 79 4 68 62 4
TSth. . ... .. dh. . 1) K9 97 87 83 i TT 69 9%
Median. ... Sones. . 10 16 29 21 16 13 12 10 58
et and <pin 10| 25th.. .......[db .. _ .. 7 T T iy 75 T b 63 RA
Medjan. ... ..[db . .. 76 7R R0 K2 81 T T AR 849
TStho. ... db... ... i 79 R3 84 R1 R0 76 T4 9
Median.. . ..| Qones... ... 4 Y 15 20 18 15 1R 15 8
Finix? p2sth ..o dh, . . ... 8]0 79 it 79 D K 65 57 S6
Median. . ... | db. . .o R4 81 K2 X0 .} W 68 62 9w
W, ab. RS RS 87 &4 83 9 74 7 w [ q
Median. .. Sones. ... 9 12 18 17 15 16 12 10 45
Card anoand “nish 24 | 25th. P 0 £ TR 6 T 9 il R 74 66 62 R7
Moedian dh_ P 0 4 |1 »1 70 T 71 66 1]
75th dbo. o L2 83 82 K3 X1 7R h 72 92
Median Sones. . 6 10 16 1% 16 15 15 13 45
. q
® ® ® ® o ® ® L |
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ning, and finishing are then given. The findings
are grouped because hearing data for workers in
these departments are combined later in this re-
port. The noise levels and frequency distribution
are similar.

In all - ..nartments of the mill, music was played
through a loudspeaker system. It could be heard
above the machine noise everywhere except in the
weave department where it was sometimes in-
audible.

Leavenworth

The industries included in the study at Leaven-
worth were printing and shoe, brush, wooden
furniture, and clothing factories. The factories
are located in three 4-story brick buildings. One
building is used entirely for shoe manufacturing.
The other factories occupy complete floors of the
other two buildings, isolating each from the
others.

Shoe Factory

Deseription of operotions.—The shoe factory
manufactures slippers and shoes primarily for
the military services. The factory occupies four
floors, each having an area of approximately 16,000

square feet. The building is L-shaped and is 44
feet wide. There are windows on each side.

The Cutting Department occupies about one-
half the area of the fourth floor. Here all of the
leather used in the upper part of the shoe is cut
into the proper shape and size. This operation is
done by machines, clickers, which produce a large
impact when the metal pattern is struck. Other
machines located in this department are skibers,
edgers, and burnishers, all of which produce a
continuous noise.

The Fitting Department takes up the remainder
of the fourth floor. Here the different parts of
the upper shoe are stitched together to make a
finished shoe upper. Other operations, such as
punching of eyelets for the laces and insertion of
metal eyelets and hooks, are also performed in
this department. The large number of sewing
machines in operation produces a continuous noise.
The eyelet machine operations produce rapid im-
pacts for about 5 seconds, followed by 5-second
breaks.

The Sole Leather Department is located on the
first floor. Here the pieces making up the lower
part of the shoe are made and put together. These
parts include insoles, outsoles, and counters.  The

T 1 /
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FioURE 3. Stitching machinez in Leavenmworth ghoe factory.
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operations in this department are insole seaming,
sole seaming, and inside channeling. They all
produce a continuous-type noise.

The Lasting Department occupies about two-
thirds of the third floor of the shoe factory. In
the lasting room, the different shoe parts are as-
sembled and shaped on all-wood lasts. The op-
erations of this department are side lasting, heel
seat lasting, toe lasting, tacking and tack pulling.
Impact-type noises are produced.

The Welting Department occupies the other
Here the welt is
attached to the uppers, and the insole is attached
to the welt. The operations in this department
include welt butting, tacking, stitching, beating,
inseam sewing and welting, and insole tacking,
seaming, and trimming. Most of these produce

one-third of the third

continuous-type noises.

TABLE 4. Sound pressure levels in decibels and

floor.

The Bottoming Department is located on the
second floor. Here the outsole is attached to the
rest of the shoe, and the sole is trimmed to size.
The following machines are located in this depart-
ment: shank tacker, outsole stitcher, rough
rounder, fiber nailer, and outsole trimmer. They
all make a continuous noise, except the shank
tacker and fiber nailer. The fiber nailer produces
a very sharp impact.

The Making Department is also located on the
second floor. Here the heel is attached to the
shoe and trimmed. This department has the fol-
lowing equipment: heeler, heel trimmer, edge
trimmer, and burnishers, A continuous noise is
produced by all of the operations except the heeler.
which makes a strong impact.

The T'reeing and Packing Department occupies
parts of the first and second floors. Here the

loudness in sones by departmen: in the shoe factory at Leavenworth

Octave bands—eps
Number
Department of Percentile Unit
analyses 20-75 | 75-150 |150-300 | 300-600 | 600- | 1,200~ | 2,400- | 4,800- | Overall
1,200 2,400 4,800 | 10,000

Fitting 16 [ 25th_ .. _..___.. 7 76 78 75 n 64 64 60 88
Medfan. 82 80 50 77 74 70 70 66 89
th. ... 84 82 82 83 £0 9 79 3 @0
Median 8 1 15 14 11 10 14 13 349
FLasting. 21§ 28th... .. 76 7! 75 k) 77 74 69 66 87
Median. 79 T 7! 82 82 79 77 7 K8
Stho.. . - 80 Kt 80 84 83 82 80 Kt 90
Median. 6 8 13 20 20 18 22 20 54
Catting . . . . L. 13 | 25th_.__. 7! 75 79 80 81 76 69 64 Ry
Median 83 81 80 81 82 79 76 7 91
75th.. _. 86 83 84 84 84 83 86 R0 94
Median. 8 12 15 18 €0 18 21 20 54
Lasting and cutting 34 [ 25th_. .. 76 75 77 7 78 75 69 65 SR
Median. 79 8 9 81 82 9 % 7 By
75th__._. 83 80 82 84 84 82 80 75 92
Median. 6 9 14 18 20 18 21 2 53
Sole leather. 0 L0 R | 25th.. _. 75 70 77 82 81 78 74 h RR
Median. 80 ki) 81 84 86 84 80 T 93
¥5th.. .. 82 77 82 88 88 86 &4 80 97
Median. 8 7 16 22 26 26 b 20 65
Treeine and packing. .. S| 25th.... ...... kil 75 80 83 81 80 8 T 90
Median. 82 79 82 86 84 80 78 h 95
Stho. ... 83 82 86 90 90 88 84 w 9%
Median. ... . 8 10 18 26 23 20 24 21 63
Making 19 0 25th.. ... ... 7! 7 80 80 81 ke:3 7 70 a
Medfan. ... 80 79 82 84 83 &1 80 bt 93
5th. ... 82 82 85 f8 85 85 A7 .| wh
Median. 6 10 18 22 21 21 -} 21 64
Welnne 21§ 25th.. .. ki i 80 83 84 L] 73 67 01
Median. .._... 80 7 83 85 86 82 80 7 43
/th.. L. 82 80 85 86 87 85 R3 bl [
Median_ 6 9 19 A4 26 22 p-] 21 66
Bottoming 191 25th.. ..., 80 T 80 82 82 7 75 72 92
Median. 82 78 81 84 86 84 82 ¥ 43
TSth. ... .. 84 79 83 85 90 &9 85 82 v
Median. ... § 8 9 16 22 26 26 32 32 4
Making, treeine gne packing, sole 0| 25th.. . ... 78 K 80 A3 82 79 7% 2 "
leather, welting, anit hottoming. Medlan. 81 bt 82 84 84 84 RO 74 93
75th. 82 L] R4 86 87 85 K3 ) a5
Median 7 4 18 22 3 % P 23 A

° ® [ ] ° ° L b

4
® ® ) ® ® ® ®
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shoes are removed from the trees, given their final
cleaning and dressing, and packed for shipment.
The noises generated are all of a continuous type.
Noise data.—Sound pressure level measure-
ments were made in the shoe factory at six differ-
ent times during a T-year interval. These data,
presented in table 4, have been grouped by de-
partment, and some of the departments with sim-
ilar noise levels and frequency distributions have
been grouped to combine the hearing data of
workers in these departments. In most cases both
continnous and impact noises are included.

Brush Factory

Deserviption of operations—The brush factory
1= engaged in the manufacture of paint, sanitary.
serub, tooth, and typewriter brushes and push
brooms,

The plant occupies the third floors of two build-
ings and is in three separate rooms.

The Wire Drawn Department is located in a
room about 48 feet by 110 feet. with windows on
three sides. Here push brooms are made, start-
ing with the hardwood backs in which holes are
drilled. The tufts are put in place manually, and
the bhristles are trimmed by machine. The ma-
chines located in this room are small horizontal
and vertical drill presses and the brush trimmer.
The major ource of noise is the brush trimmer,
which is in operation about one-third of the time.

The Trist in Wire Department occupies one
corner of the same room as the wire drawn de-
partment. Here sanitary brushes are made by
placing fibers between two wires, twisting the
wires together to hold the fibers in place, and then
trimming the brushes. Except for the trimming of
the tiber<, it is essentially a manual operation.
The noize produced by the brush trimmer is only
slightlv hicher than the background noise.

The Staple Set Department is located in a room
44 feet hy 116 feet. with windows on three sides.
Here, in making brushes, the backs are drilled,
and the bristles are inserted into holes by ma-
chine. Types of brushes manufactured include
sernb brushes of various kinds, typewriter and
tonth brushes. Equipment in this department in-
clndes a variety of brush machines, which make
two to four brushes at a time, and brush trimmers.
AN of the brnsh machines produce impacts, and
the trimmers produce a continuous type of noise.

The Ferrule Department is located in the same
room as the staple set department, occupying
about one-half of the room. Here the ferrules, or
metal bands, for paint brushes are manufactured.
Equipment includes small metal shears, punch
presses, riveting machine, and buffers. Except
for the buffers, these machines all produce impact
noises.

The Bristle Department is located in a room
44 feet by 234 feet and occupies about one-half of
the room. Here the bristles are mixed, washed,
sterilized, and sorted. Equipment located in this
department includes a bristle-mixing machine,
sterilizer, and ovens. The noise is of a continuous
type.

The Rubber Set Department takes up the other
half of the room in which the bristle department
is located. Here paint brushes are assembled.
Equipment in this area includes a cutoff saw, drill
presses, nailers, bradders, crimpers, sanders, and
buffers.

Noise data.—The data from sound pressure
level measurements made on six different occasions
during a T-year interval are presented in table
5. The findings are given by department and are
also shown for combined plant operations for
comparisons with the hearing data, which are also
included in this report.

Wood Furniture Factory

Deseription of operations—The wood furniture
factory is engaged in the manufacture of maple
furniture and backs and handles for brushes.
This factory occupies the first flour of one build-
ing and the first floor and part of the second floor
of another.

The i1 1 Department is located in a room 44
feet by 116 feet. Here the rongh Iumber is sawed
to approximate size, glued when necessary, and
planed to form the basic stock for Mill 2. The
equipment used includes table saws, swing saws,
shapers, and a planer. The planer is the major
source of noise: the level varies with the width
and hardness of the wood being planed.

The Mill 2 Department occupies part of a room
41 feet by 234 feet. [Ilere the blank pieces of wood
are shaped into the various shapes needed for
the finished product. Almost all types of wood-
working machines are used here, including saws,
drill  presses, shapers. routers, jointers, disk
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‘TABLE D. Nound pressure levels in decibels and loudneas in sones by department in the brush factory at Leavenworth
Octave bands—cps
Number
Department of Percentiles Unit
analyses 20-75 | 75-150 | 150-300 | 300600 | 600- | 1,200- | 2,400- | 4,800- | Overall
1,200 | 2,400 | 4,800 | 10,000

Wire drawn 15 72 74 7 7 L] 7 ] 67 84
4 % 82 #0 ) 74 n 68 89
81 92 85 6 84 80 7 75 94
3 9 18 17 16 13 15 15 «
Kubber set e e 10 79 7 7 76 75 70 63 59 86
81 79 9 I 7 72 65 62 88
82 80 81 80 81 81 k] 69 90
7 10 14 16 15 u 10 10 39
Twist {n wire 4 63 a7 74 72 T [ [ %0 R3
77 74 kel ] 76 74 n 68 86
84 /6 89 91 &6 RO 7 69 96
Median. ... 5 7 13 15 13 13 15 15 39
Hrstle 71 25th b H 81 T 74 73 66 58 R&
Median. . 83 Rl 82 80 " b 68 61 90
sth . 85 84 84 82 80 ) 5 67 91
Median. . 8 12 18 17 16 15 12 10 45
Staple st 13 25th.. ... 79 76 ] %0 80 76 kil 72 89
Median. ... 82 8 81 82 83 81 78 7 91
T5th. L 87 81 82 82 84 83 82 b 94
Medtan. ... .. 8 9 16 20 2 21 24 23 60
Ferrule 4] 26th e 9 77 78 78 ] ] 72 63 88
Median. ... 81 8 80 81 80 k] 7 69 90
Sth.. ... 82 8 82 82 81 81 k(] 73 [}
Median. ... .. 7 9 15 18 17 18 20 18 50
Al hrist depart ments 53 |25th . ... 7 5 7 75 7 7 68 62 86
Median. ..... 80 b 80 80 81 ] i 68 89
th.. ... 83 81 83 82 83 81 8 74 92
Median. ... [ 15 17 18 18 18 15 4

Frivne 6. Molder « foreground) and planer (background) in Mill { of furniture factory at Leavemicorth.
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sanders, belt sanders, and drum sanders. All of Noise data.—Sound pressure level measurements

these machines produce continuous types of noise,
and because of the large number of machines in
a small area the background noise is always high.

The (abinet Department occupies the other
portion of the room in which Mill 2 is located.
Here the furniture is assembled and prepared for
the final finish. The major source of noise origi-
nates in Mill 2. Hammers and other small hand-
tools are sometimes used in this area.

The Finish Department is located on the second
floor in a room 44 feet by 116 feet. Here the
furniture receives its final finish, including spray
painting or varnishing. hand sanding, and rub-
hing. Spray painting is done in water-curtain-
tvpe spray booths. The ventilation system and
the spray guns are the major source of noise.

The Brush and Handle Department is located
in the same room as the finish department, but is
fairly well isolated from it by ovens and spray
hooths, Here the handles for brushes are hand
dipped and dried. The major sources of noise
are the impacts from material handling and the
continuous noise from the ventilation equipment.

made on six different occasions during a 7-year
period are shown in table 6. The exposures are
given by department, with some departments
grouped together. Tt is recognized that a sander,
shaper, saw, and planer do not generate the same
amount of noise, but where these machines are
located in the same room adjacent to each other,
it is impossible to arrive at a precise exposure level
for the operator of a single type of machine. The
values presented here should represent the average
exposure in a cabinet shop handling hardwood.

Printing Plant

Description of operations—The printing plant
is essentially a jobshop which prints government
forms, ledgers, and calendars. It is located on
the second floor and occupies a room 44 feet by
234 feet. There are, on the average, 42 workers
in the plant.

The Composing Department occupies about one-
fourth of the area of the plant and is located at.
one end of the room. Machines used here are
Monotypes, Linotypes, and metal saws. These

Tamy 6 Sound preasure levels in decidbels and loudness in sones by department in the wooden furniture factory
at Leavenworth

Octave bands—ceps
Number —
Nepartment of Percentile Unit
analyses 20-75 | 75-150 | 150-300 | 300-600 | 600- 1,200~ | 2,400- | 4,800- | Owerall
1.200 400 | 4,800 | 10,000
ML 20 2sth..... ... 81 88 87 86 85 82 80 am
Median. 84 93 92 94 93 9« M m
88 96 97 100 7 97 RT 1o
Medlap. 15 39 40 45 49 56 45 129
Min 2 R 40 | 25th___ 80 84 86 RS 83 82 7 85
Median. 83 86 89 87 85 RY Lx] o
75th..... 87 90 92 90 89 92 LU} m
Median. " 23 32 8 o} 45 42 a8
MU and Myl 2 B 60 ( 25th..... 8 83 86 M 3 83 kL] 96
Median. 83 88 90 88 86 88 83 ]
75th. ... 87 3 92 1) 90 92 46 1
Medlan. " 37 34 30 30 49 42 108
Finish 4| 25th... .. M 82 6 73 0 68 (] LY
Median 88 86 81 80 k] v 70 L<]
. 88 8 84 82 k- K kel a5
Medlan_ . ____| Sones .- 10 20 2 18 17 it 18 17 ke
Cahinet Gl2stho.. ... dbo.o . 75 5 % 75 72 69 " L]
Median .1 db 80 T 79 ki 7% 73 75 (i1 25
! th. .. b | w| 7 wm| w| sl 7 o ™
Medlan -] Somes . 6 ] 14 13 13 12 20 12 4
Hrushes and handles 3| 28th ... .. db. 81 82 L4 &4 83 % 66 7 92
Medlan. db. ... #2 83 87 HS 85 80 74 2 ™
75th. .. dh 82 RS 90 K7 87 K& s (] OF
Median Sones. 8 14 25 24 25 20 1% 20 L)
¢abinet, fimsh, hrashesand handles | 13 | 25th. dab . b 76 H 75 72 0 Lo 62 RS
Median [N K2 7 L kL ” 75 74 6h Lo
75th dh 86 L) 8 M 82 K 7 K “
Median Sones L] n 15 15 14 14 1" 13 45

Audiometric Data: Study Groups 29
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machines are operated intermittently and are in
use less than half of the time.

The Press Department occupies the center half
of the printing plant area. Here various types
of printing are done on presses ranging in size
from small hand presses to a Miller Major auto-
matic press. The noises generated are of a con-
tinuous nature, and the automatic presses are in
operation the major portion of the time.

The Birding Department is located in the other
quarter of the printing factory. Here the various
printed materials are cut to size, bound when
necessary. and packaged for shipping. A large

Hearing

part of this work is done manually. Noise is
produced by intermittent use of paper cutters, a
shaker, and a folding machine.

Noise data.—Surveys were made of this plant
on six different occasions in 7 years. The data,
shown in table 7, are given by department and
also combined for the entire plant. The exposures
are fairly uniform for all except those working in
the composing room. Since the plant is a job-
shop, not all of the equipment was operating dur-
ing each survey, but during the course of the study
analyses were made of the noises from all equip
ment.

TARLE 7. Sound pressure levels in decibels and loudness in sones by department in the printing plant at Leavenworth

Octave bands—cps
Number — -
Department of Percentile Unit
analyses 20-75 | 75-150 | 150-300 | 300-600 | 600 1,200- | 2,400- | 4,0~ [ Overall
1,200 | 2,400 | 4,800 | 10,000
Composing. . .. . . 6 | 25th.. 75 73 75 7! 72 67 62 61 88
Median._.. 78 75 76 K¢} 80 83 85 79 91
75th.... . 81 75 78 78 82 88 86 84 93
Median._.. 5 7 12 15 17 24 39 32 7
Press.. . ... 11 ] 25th... ... .. 77 8 82 81 78 71 66 64 89
Medlan....._ . ki 80 86 85 82 76 7 67 91
75th..__. 81 85 87 87 84 80 75 n 93
Median 5 11 23 24 20 15 15 14 55
Binding... 6| 25th. ... _. 77 7 78 74 ™ 64 62 86
Median_.... .. 77 77 80 78 78 76 70 64 87
75th.._ .. 79 79 81 82 81 80 72 71 88
Median____. ... 5 9 15 15 15 15 14 1 40
Composing. press, and binding..____ 23| 2%th.... . ... 78 77 78 78 78 70 64 62 87
Medlan___._. .. 78 79 82 81 80 76 71 69 an
Tstho. ... 80 82 86 86 84 80 75 n 93
Median.. ... .. 5 10 18 18 17 15 15 18 47
i
Clothing Factory Lewisburg

Description of operations—The clothing fac-
tory manufactures military-type cotton uniforms
and some wool civilian dress suits which are issued
to inmates on their release from prison. The fac-
tory s located on the fourth floor in a room 44
feet by 235 feet. All of the operations, collec-
tively referred to as tailoring, are carried out in
one room. About one-half of the room is used
for material and pattern storage and material
cutting.  About one-quarter of the room is used
for pressing and inspection. and the balance is
used for sewing. The majority of the 80 men in
the plant work in this area.

Nuise datu—Noise surveys were made on six
aceasions during a 7-vear interval. The noise was
of a continnous type and the levels were essen-
tially the ~ame each time. The data are shown in
table X.

At Lewisburg, the clothing and metal furniture
factories were included in the orginal study group.
They are located in three 3-story and one 1-story
brick buildings, which are each 60 feet by 200
feet, Thev all have masonry interior walls and
large window areas on all sides.

Clothing Factory

Dexcription of operations—The clothing fac-
tory is engaged primarily in the manufacture of
cotton tronsers and shirts. The factory occupies
the second floor of one of the factory buildings.
Approximately 60 men work in this department,
the majority of them heing sewing machine
operators,

Noise data—Sonnd pressure level measurements
were made at four different times during a 3-year
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TaRLE K. 8ound pressure levels in decibels and loudness in sones in the clothing factory at Leavenworth

Octave bands—cps
Number
Department of Percentile Unit

analyses 20-75 | 75-150 | 150-300 | 300-600 | 600~ 1,200~ | 2,400- | 4,800- | Overall

1,200 2,400 4,800 | 10,000
Tuiloring 10| 25th ... ... dh.. 2 70 72 7 68 64 60 52 81

Median. ... | db._._ ... 78 73 76 73 71 68 62 58
Stho.. ... i1 FO 80 i 82 75 75 7 68 63 88
Median_ ... Sones.._._.... 5 6 12 1 9 9 8 7 29

interval, and were essentially the same on each

survev. The data are shown in table 9.

Metal Furniture Factory

Deseription of operations—The furniture fac-
tory produces metal furniture and steel shelving
for offices and institutions. The factory is located
on eight floors of three 3-story buildings. Each
floor is 60 feer by 200 feet. There is a one-story
steel warehouse of approximately the same tloor
area.

The factory employs an average of 360 men
and uses hetween 600 :nd 800 tons of steel per
month.

The Press Departm.-nt. where the sheet metal
is cut, punched, and sh.urcd for furniture, occu-
pies the first floor of one of the factory buildings.
Fquipment used includes brakes up to 10 feet
in size, punch presses, and hvdraulic presses with
np to 40i—ton capacity. Hydraulic presses are also
used for forming compartment-type food trays.

The Shelming Department is located on the
gronnd floor of anuther building. Here sheet
metal is cut, punched, and shaped for metal shelv-
ing, and the holes in the uprights for shelving are
punched. As many as 72 quarter-inch holes are
punched simultaneously in the 18-gage metal.

The .1swembly Department is on the second
floor of one of the brildings. Here the components
for the furniture are assembled and spot welded,
and some hand sanding and grinding are done.

There are 16 spot welders ranging in size from 35
to 75 kilovolt-amperes.

The Metal Finishing Department is situated
on the ground floor of the third building. Here
bar stock is cut to size, and fittings for the
furniture are plated and polished. Any neces-
sary grinding is also done in this department.

The Paint Finishing Depar:ment is located on
the third floor of one of the buildings. The furni-
ture is cleaned, either spray painted or dipped,
and sanded and repainted as necessary. The finish
is then baked in large ovens. There are five spray
booths, two paint dipping vats, and three ovens.
The major portion of noise is from the ventilation
systems.

The Steel Warehouse is a one-story building
with the side open between it and the adjacent
shelving department. The major sources of noise
here are from the loading and unloading of steel
and from shelving department operations.

Noise data—Sound surveys, which were made
of the metal furniture factory five times during
a 5-year period, showed that operations varied
greatly from one survey to the next. Impact-type
noises, which are very difficult to evaluate, account
for the high exposures in the plant. Because of
the great variety in operations, it was decided in
1958 to discontinue this portion of the study. The
data obtained up to that time are given in table 10.
Peak sound pressure levels for selected operations
as well as average values are presented in table 11.

TABLE 9. Sound pressure levels in decibels and loudness in sones in the clothing factory at Lewisburg

! Number Octave bands—cps
Department ’ olf Pereentile Unit _
analyses an
| e 20-75 | 75-150 | 150-300 ‘ a0 S0 | L | A | faooo | Cvenall
Tailoring K| 25th . ... ... db.. .. ... 76 75 75 74 72 65 61 56 83
Median_ ... .. db_ ... ... 79 % 77 75 7 8 A3 58 84
1 th. .. .. Jdbooo RO 77 78 77 74 70 A6 61 85
i Median. . ._.| Sones 3 8 13 12 10 7 8 ? 30
]
o ® [ | | ® ]
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TABLE 10. Sound pressure levels in decibels and loudness in sones by department in the metal furniture factory
at Lewisburg

Octave bands—cps

Department Nug}ber Percentile Unit

analyses 20-75 | 75-150 | 150-300 ) 300-600 | 600- | 1,200~ | 2,400- { 4,800- | Overall

1,200 | 2,400 ,800 | 10,000
Steel warehouse . ... ... . ... .. 4| 25th ... 73 73 75 75 75 69 62 57 83
75 74 77 78 78 72 64 60 86
....... 77 76 30 79 79 76 70 85 88
4 7 13 15 15 11 9 8 35
Press 13]25th ... 79 80 83 84 86 80 7% 66 2
82 84 84 86 88 84 79 " 94
87 88 92 95 93 88 83 76 o8
8 15 21 26 30 26 26 23 74
Assembly ... ... 10 72 72 75 77 76 76 76 72 88
77 75 79 80 81 78 79 74 91
82 80 84 82 82 84 80 76 ]
5 7 14 17 18 17 26 2 56
Metal finishing . .. . ... ... 13 80 77 82 81 80 74 67 60 91
82 80 84 83 81 8 7% 74 92
87 86 86 85 83 84 84 78 96
8 1 21 21 18 17 20 23 58
Paint finishing . .. ... ... 9 76 7 79 76 75 71 71 68 86
78 80 82 82 80 76 75 74 91
82 83 85 84 85 83 80 78 93
5 11 18 20 17 15 20 23 55
Shelving. . 17 83 85 87 87 87 82 75 70 94
85 90 92 90 90 85 80 73 100
90 92 93 93 92 88 82 76 101
10 24 36 40 35 28 28 21 95

Tasie 11. Arerage and peak sound

pressure levels for selected operations in the metal furniture factory at Lewisburg

Octave bands—cps

Machine Instrument
20-75 | 75-150 1150-300 [ 300-600 | 600- | 1,200- | 2,400~ | 4,800- | Overall
1,200 | 2,400 | 4,800 | 10,000
Shear . . . i . ... ...lOBAaverage! ... .__. .. . ... 83 86 89 90 85 80 76 66 96
OBA peak 2__ - 88 89 94 96 98 92 90 78 102
Peakmeterd. ... . .. ______ . . 95 104 107 105 108 104 101 92 115
Punch press ... (.. .| OBAaverage. .........___._____._____ 84 90 91 92 90 86 80 72 102
OBA peak. __ 88 100 102 104 101 96 88 83 109
Peakmeter ... __ ... ______________ 104 106 115 13 13 108 107 104 121
Bending brake . .. _ .. ... . . _ | OBA average 85 90 93 93 89 85 80 73 108
OBA peak. . 93 100 98 9 97 93 95 82 110
Peakmeter ... _._ .. et 102 107 114 116 114 106 108 108 120
Power brake OBAaverage. ... .. ... __.._...... 88 90 85 93 89 84 78 70 100
OBApeak ._.._..._ . ____. 100 102 108 105 o8 92 86 85 112
Peakmeter . _ 109 118 119 115 110 109 108 108 125
1 Octave hand analyzer average meter reading.
? Octave band analyzer peak meter reading.
3 (leneral Radio Co. Type 1556-A impact noise analyzer.
o ] ® L ) ® o
L]
® ® o L L ® L




Audiometric Data: New Admissions

Hearing of Men at Time of Admission

During the period covered by this report, ap-
proximately 12,000 newly admitted inmates had
their hearing tested. The numbers tested at each
institution were as follows:

Location Number
Atlanta ________________ . _______. 2, 299
Terre Haute___________________________ 2,632
Leavenworth _____.___________________. 4, 668
Lewisburg - ______________________. 2, 346

Total __ . ____ 11, 45

The number of new admissions tested each year
were:

Year Number
1958 - 631
1954 e 753
1950 - e 1, 801
1956 . e 2,407
1057 2, 906
1958 o eem 2,549
1959 (6 months) ________________________ 888

The median age of men admitted to Atlanta
and Leavenworth was approximately 34 years,
respectively, whereas the median age was about
25 years at Lewishurg and at Terre Haute. This

9-year difference is due to the type of institution
involved.

In the first report of findings, which included
the period through June 30, 1957, data were pre-
sented to indicate the degree of consistency in
the yearly results obtained from each institution.
These data were illustrated in part by figure 1,
appendix. In that preliminary report, data were
presented to justify the combining of results from
the four institutions, so that a single set of control
data could be used for making comparisons with
the findings on the individual factories, regard-
less of location. In the present report, however,
this simplification will not be made, and findings
from each factory will be compared only against
new admission data from the same institution.

The hearing data from each institution should
properly be considered as representing an indi-
vidual study, since the testing was done by differ-
ent individuals using different audiometers and
conducting the tests in different test environments.
These data, as well as those obtained elsewhere by
other investigators, are compared later in this
report.

Table 12 presents data obtained from hearing

TarLe 12. Percent of men, by age group, whose hearing levels, in db, did not erceed stated values at the time of
admission to Atlanta

l Hearing level for each ear at stated frequency (cps)
Age Number | Percent 500 1,000 2,000 3,000 4,000 8,000
of men | of men
Left |Right| Aver-| Left |Right! Aver-| Left | Right| Aver-| Left |Right| Aver-] Left {Right| Aver.| Left |Right| Aver-
| age age age age age age
e
|
20-29 ‘ 515 25 1.9 14) 1.7(~2.3|-2.3|-2.3-03 |-21{-.2| 1.D0(|-t0] 00 48| 27| 3.8| 0.3(-0.7{ —0.2
| 50| 65| 63| 64| 1.6 1.8 1.7 47| 29| 38| 73| 52| 63,109} 86| 98] 7.5| 6.2 6.9
75114 [11.0711.2| 59} 65| 6.210.2{ 8.1 9.2117.1 111.8 | 14.5 | 256.3 [ 18.9( 22.1 [ 19.6 [ 17.0| 18.3
30-39 ! 1, 005 25 20} 22| 21 |-1.9|-17]|-18 1.3 |-1.0 .21 3.4 1.4 24 83| 55] 69 47| 3.0 3.9
! 0 63| 67| 65 22) 24 23| 65| 42| 54101 7.9 90}16.6 120143131 |10.2( 11.7
' 75(11.2 | 11.4 [ 11.3| 69| 7.2 71123 9.6 11.1 |(21.9[16.5|19.2 | 32.5{27.5|30.0 | 27.4 | 245 28.0
40-49 . . N 541 251 3.7 36| 3.7(-1.2 Bl=-.50 42 20 311 77| 45 61(135] 97{11.610.1] 82 9.2
. 5| 827100 9.1 43| 680 52| 96| 7.7 87170125 14.8}27.0 [ 21.3[24.2(23.9|20.9( 22.4
! 751371146142 9.3 |11.8)10.6 | 18.5 | 14.4 [ 16.5 | 34.2 | 20.2 | 31.7 [ 46.2 | 42.0 ] 44.1 | 45.3 | 41.0 | 43.2
50 J 238 25 6.7 7.1 69| 30| 30| 3.0 82 69| 7.6]13.2|11.5 (124 24.8|19.1[22022.0]|17.7| 19.9
501126811221 12.4) 8.3) 86| 8.5117.0113,7)154)300}24.2)27.1)44.7]36.2)40.5}41.2)37.1] 39.2
761220 19.4 (207172155 16.4 [ 31.5[26.1 [ 28.8 | 48.4 | 45.3 | 46.9 | 54.4 | 48.8 | 52.1 | 53.8 | 54.4 | 54.2
Total . ..._.. 2,299
20
1]
® ® o @ ) L




Audiometric Data: New Admissions

tests given 2299 men at the time they were ad-
mitted to the Atlanta penitentiary. The 25th,
median, and 75th percentile hearing levels at each
of the six test frequencies are shown according to
age group. Data are given for each ear, and the
averages are also included.

Tables 13. 14. and 15 provide similar infor-
mation on men admitted to Terre Haute, Leaven-
worth, and Lewisburg, respectively.

As would be expected, examination of the data
shows a decline in hearing acuity, or an increased
hearing level, with increasing age, with the great-

21

est loss in the higher frequencies, particularly at
4,000 ¢ps and 6,000 cps. This is demonstrated in
figures 9, 10, and 11. Figure 9 shows the differ-
ences by institution in hearing levels (average of
both ears) of men 30 to 39 from the hearing levels
of men 20 to 29 vears of age at the time of admis-
sion. Figure 10 shows the differences in hearing
levels of men 40 to 49 from the 20-to-29 age group,
and figure 11 shows the differences in hearing
levels of men of 50 or more years of age from the
20-to-29 age group. It will be observed from fig-
ure 9 that the 30-to-39 group shows comparatively

TaBLE 13. Percent of men, by dage group, whose hearing levels, in db, did not exceed stated values at the time of
admission to Terrc Haute

- ’
{ I Hearing level for each ear at stated frequency (cps)
] R .
Age Number | Percent 500 ( 1,000 2,000 3,000 4,000 6,000
of men of men - —— -
|
: Left {Right! Aver-| Left |Right| Aver , Left |Right| Aver-| Left |Right| Aver- Left [Right| Aver| Left |Right| Aver-
age age age age | age age
22029 1. 182 25 6.3 7.5 6.9 0.9 1.3 1.1|~3.9(-290|-3.4 -1.4|-20|-1.7 0.3 0.2 03 0.4]-1.6] —0.6
50 | 11.0 | 12.7 | 11.9 50 56 53 .8 1.9 1.4 4.5 3.7 4,1 7.7 7.0 7.4 8.9 6.4 7.9
7 17.0418.5]17.8 | 10.0 | 10.3 | 10.2 6.8 7.3 7.1113.6 | 11.8|12.7 ] 20.0{17.4 | 18.7 | 23.9 [ 19.6 21.8
30-34 919 25 6.5 7.4 7.0 1.6 1.7 1.7]|-2.9}-2.2|-25 1.6 .4 1.0 4.5 2.3 3.4 4.6 2.0 3.3
50 | 12.0 [ 12.9 | 12.5 6.1 6.3 6.2 2.7 3.0 2.9 9.3 7.5 8.4113.6|120]12.8|13.8| 111 12.5
. 7. 180|193 | 187} 1.7 [ 11.5 | 1.6 [ 10.0 | 9.4 971230175} 2.3|31..7|284]30.1334}292 31.3
H-4u ' 334 25 7.6 9.0 8.3 2.4 1.7 21| —6] -2 —.4 6.6 5.3 6.0|11.3}10.4|10.9| 11.8 9.0 10.4
50| 13.1 140 13.6 7.9 6.0 7.0 5.7 5.5 56]151]13.5|14.3|22.6 | 20.8 [ 21.7 | 23.4 | 19.8 21.6
75019.4 1221 ]2.8113.1|134}133(143 148} 14.6|31.7|28.1}29.9(39.6] 3858 |39.4|45.8|40.2 43.0
S+ 197 251110} 114|112 6.0 5.8 5.9 4.8 3.9 4.4(13.2|10.5]11.9 | 17.2|15.9|16.6 | 22.9 | 19.0 21.0
501170176 1 17.3 1 11.2 1 10.9 [ 11.1 | 13.2 | 11.4 | 12.3 ) 29.9 | 27.0 | 28.5 | 36.9 | 36.2 | 36.6 | 40.5 | 37.1 38.6
——— 751240260250 19.3)19.1|19.2(28.7{14.2|21.5| 480 | 45.3 | 46.7| 51.5|49.1| 50.3| 55.0| 52.9 51.0
Tatal........_. 2.632
o | B i ! |
TasLk 14. Percent of men, by age group, whose hearing levels, in db, did not erceed stated values at the time of
admission to Leavenworth
Hearing level for each ear at stated frequency (cps)
Age Number | Percent 500 1,000 2,000 3,000 4,000 6,000
of men of men — .
| Left |Right{ Aver-| Left | Right| Aver-] Left |Right| Aver-] Left |Right| Aver-| Left |Right} Aver-] Left |Right| Aver-
, age age age age age age
i .t PO, S, .
}
2-29 | 1. 422 25 1o 0.4 0.7 0.2 |—-0.9|-0.3 1.1 }-0.7 0.2 2.0 0.5 1.3 26| 0.7 1.7 2.0 1.5 1.&
! 50 4.9 3.7 4.3 5.3 2.8 4.1 6.0 3.0 4.5 7.2 4.5 5.9 87 6.0 7.4 9.0 7.3 8.2
75 90| 8.0 851111 7.0 9.1]10.3 7.2 K8 [13.4 10,0117 | 186|142 (16,¢ [ 19.0] 16.4 17.7
30-3v 1,923 25 16 .9 1.3 5| ~.2 .2 2.0 .1 1.1 4.0 1.8 2.9 5.0 2.5 3.8 4.3 3.4 3.9
50 6.4 4.4 5.4 57 3.4 4.6 6.6 52 5.9 | 108 6.7 8.8 | 121 8.9 10.5(11.91{10.2 1.1
751113 9.0{10.2 9.9 7.9 8.9 (1.3 9.0 10,2 (17.3] 140157 |27.0| 2252458260253 25.7
40-49 R6T 25 3.1 1.9 2.5 2.4 1.1 L8 5.3 18 3.6 7H 4.1 5% 9.9 6.6 8.3 9.0 7.8 8.4
5 75 6.1 6.8 7.4 4.8 6.1 9.4 6.0 7.7 1421000 | 1221 | 20.5 [ 155 180 19.7 | 171 18. 4
123 (12118 (130 9.7 6.4 119125 122|287 | 225|256}137.01330]350) 354|342 34.8
S 456 25 57| 45 A1) 51 32| 42| 82| 51 67132 90 1L1 |84} 187|161 | 182|152 16.6
50 v.3 100 9.7 .2 7.8 5011571001291 239183 ) 21.6 | 33.6 7.7 130,71} 34.4) 30,0 32.2
TH145 ) 48 [ 147 (1801137 | 150 | 26.7 ] 0.9 | 238 | 41.8 ] 37.9 | 39.9 | 47.0 | 45.7 | 46 4| 482 470 47.6
I
. I [ i !
Total 406 | | . ‘ [
: R | [ A S A R AU AN AU A S DR S S
696977 0—61——-3
° ° ° ° ° ° ! °
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Fieure 9. Differences in median
hearing levels, for stated frequen-
cies, at time of admission, be-
ticeen men 30-39 years of age and
men 20-29 years of age, by insti-
tution.
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Ficure 10. Differences in median

hearing levels, for stated frequen-
cies, at time of admission, be-
tween men §0-49 years of age and
men 20-29 years of age, by insti-
tution.
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Ficuge 11. Differences in median

hearing levels, for stated fre-
quencies, at time of admisgion, be-
tween men over 50 years of age
and men 20-29 yeare of age, by
institution.

TABLE 13. Percent of men, by age group, whose hearing levels, in db, did mot exceed stated values at the time of

admission to Lewisburg

Hearing level for each ear at stated frequency (cps)

Age Number | Percent 500 1,000
of men | of men

2,000 3,000 4,000 6,000

Left |Right| Aver-i Left | Right| A ver-

Left | Right| Aver-} Left | Right| Aver-] Left | Right] Aver-| Left |Right} Aver-
age

! 98| 85 0.2) 88| 70| 7.9
751155 14.3 | 4.9 143} 12,0 13.2

0-30 ... 705 25 59| 49] 54 64| 48] 56
501120 9.5{10.8[11.6| 84| 10.0
75)18.1]15.3|16.7|17.7| 139 158
0-49 . 257 25| 7.7| 6.4 71; 7.5 65| 6.0

5 7130)10.9]120)13.7) 110 12.4
751 19.9 ) 16.8 | 18.4 1 20.6 | 16.5 | 18.6

50 17.7{150 | 16.4| 18.0 ] 13.1 | 15.6
75| 27.8|24.9]26.4|27.8]19.4| 23.6

26] 07| 1.7] 0.5|-1.0|~0.2| 1L2{~0.5] 0.4 0.1]-1.0]| 0.

79| 614 7.0 65| 44 55(10.9] 70| 9.0] 80| 6.2 7.

141114128 13.7 [ 11,0 124 19.4| 16.4 ] 17.9[ 19.1 | 15.5( 17.
4

1.3 82( 98120 87| 10.4)16.1(12.5) 14.3(13.6 ) 11.0| 12.3
18.0 1136|158 (22.2|17.1]19.7 | 31.8} 25.4( 28.6 { 28.0| 25.5[ 26.8

89 53| 71| 90| 55| 73133101117 |14 85| 10.0
151 99]125) 181 9.4|13.8(24.8|20.3]226| 221180 20.1

1.7] 81| 99132 74)10.3|182]| 151|167 18.2( 160 17.1
205 13.7(17.1]23.7(18.4|21.1|34330.1322|335|30.0[ 3.8
3301255 27.3|41.0/39.0]40.0)46.6] 452|459 47.0 | 44.4| 457

little change from to 20-to-29 age group, the dif-
ferences at 4,000 cps being considerably less than
10 db. Figure 10 shows a more marked shift
for men in their forties, with differences of 10
to 15 db in frequencies above 3,000 cps. In fig-
ure 11, however, the differences with age are seen
to be much greater, with the men in their fifties
having hearing levels at 4,000 cps and 6,000 cps
that differ by 25 to 30 db from those of men 20
to 29 years of age. The shift is substantial also
in lower frequencies, amounting to 10 db at 2,000
¢ps and 15 to 25 db at 3,000 cps. These changes
are particularly significant because they extend
into the speech range.

Comparisons With Other Studies

The differences in hearing levels of different
age groups have been studied by a number of
investigators. In a recent report (2), Riley et
al. presented hearing data obtained at Eastman
Kodak Co. and made comparisons with presbycusis
data developed in two other investigations—the
1954 report of the American Standards Associa-
tion Exploratory Subcommittee Z24-X~2 (3) and
British data reported in 1959 by Hinchcliffe (£).

If the data from these three studies, as pre-
sented by Riley, are plotted and adjusted so that
hearing at age 25=0, the following comparisons
can be made with the data in this report:
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1,000 cps 4,000 cps
Study Age
35 45 56 88 45 85
EastMan ..o, 1.3 3.4 7.0 6.8 13.5 2.5
A e .8 3.0 6.3 5.8 4.6 24.5
Hinchelfle . e .9 2.8 4.7 4.5 12.0 24.5
ABLADRA. | e e .6 3.45 6.75 4.55 14.4 30.7
Terre Falbe ..o .9 1.65 5.75 5.45 14.35 20.2
LeavenWorth .. .. e e eaae .5 2.05 4.95 3.15 15.15 23.3
LaewWiSDUTR .. 2.1 4.4 7.65 5.35 13.6 23.25

There appears to be good correlation between
the seven different population groups, except that
for some reason we cannot explain, the men beyond
age 50 at Atlanta and Terre Haute show a 5 or
6 db greater loss at 4,000 cps than the other
groups,

As Glorig and Nixon (5) have pointed out,

valid comparisons of different populations present
many difficulties. The comparisons with the East-
man, Hinchcliffe, and American Standards As-
sociation data are given here only to show the
absence of any pronounced differences in hearing
levels between other populations and those covered
in this study.

[N



Audiometric Data: Study Groups

Except in certuin described special investiga-
tions at Atlanta, the hearing tests were all con-
ducted during the day shift with the men usually
being taken off their jobs to be tested. As
previously pointed out, in some cases this could
result in higher hearing levels due to temporary
threshold shift.

Many of the operations included in these studies
were not expected to cause significant noise-
induced hearing loss, and the data obtained con-
firm this assumption. Furthermore, men working
in these moderate noise environments probably
sustain very little temporary threshold shift, In
other words, the greater the hazard of permanent
loss. the greater the accompanying temporary
threshold shift is likely to be. FExcept where
otherwise stated, the data reported represent the
combined shift.

These points should be kept in mind when ap-
praising the data which will be presented.

In most instances, the following tables present
data only when available for at least 20 men hav-
ing noise exposures of similar severity and dura-
tion. For this reason, the periods covered will not
be the same for each department or operation. The
principal exception to this rule is in the data for
workers in the Leavenworth furniture factory,
where findings for smaller groups of workers are
reported.

Unless otherwise stated, the hearing levels given
are the averages of the left and right ears. Also,
except where indicated, the noise data given in
these tables are the median values for all measure-
ments made in the given locations.

Atlanta
Cotton Mill

Npin. -Table 16 presents data on hearing after
varions periods of employment in the spin depart-
ment of the cotton mill. Workers in this opera-
tion are exposed to a steady state noise having an
overall sound pressure level of 98 db, with a peak
octave band of 88 db hetween 300 and 600 cps
and with values ahove 85 db also in the 150-300-
cps and 600-1.200-¢ps octaves,

24

One hundred and fifty-nine workers with 3
months” employment in this department show
slightly higher average hearing levels at all six
frequencies at the 25th, median, and 75th percen-
tiles. The maximum shift of the median was 7
db and took place at 4,000 cps. The shift at 4,000
cps was progressively higher after 6 months and
12 months of exposure, showing a maximum of
11 db for the median of 76 men. Thistrend, how-
ever, reversed itself at longer exposure periods,
dropping back to only 2.5 db after 48 months of
work for the median of 20 men. A similar pattern
of increase for about a year, followed by some
decrease, is also observed at the other frequencies.

The reasons, if any, for this apparent partial
recovery are noi. known. It could be theorized
that more susceptible individuals might be in-
clined to seek transfer to other work, so that a
higher percentage of those remaining would be
those whose hearing is less affected. We have no
evidence, however, to substantiate this theory.
Another possibility, likewise without proof, is that
the temporary threshold shift is greatest during
the first weeks or months of employment, and
gradually decreases as the ears become accustomed
to the environment. If this proposition were cor-
rect, it would be possible for the combined shift
to be greater in the beginning, even though the
permanent increase in hearing level was greater
later on.

Twist.—Table 17 contains data on men in the
twist department after various periods of employ-
ment. The total sound pressure level of this
steady state noise environment is 97 db. Median
values exceed 85 db in the 20-75 cps, 150300 cps,
300-600 cps, and 600-1,200 cps octave bands, with
the highest figure, 89 db, at 300-600 cps.

After 12 months of employment in this depart-
ment, 38 men showed increased hearing levels in
all frequencies, the apparent increases ranging
from 1.5 db at 500 cps to 18.5 db at 4,000 cps.
Most of the increases appeared in the first 3 months
of exposure. Twenty men with 24 months on
job showed approximatelv the same hearing levels
as the men with only 12 months’ exposure.
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TASBLE 16. Percent of men, after various periods of employment, whose hearing levels, in db, did not exceed stated values
Institution: Atlanta; factory: cotton mill; department: spin

Hearing level at stated frequency (cps)

Number of men Months Percent e
employed of men
500 1,000 2,000 3,000 4,000 6,000
195, . 0 25 1.5 -1.0 -1.0 3.5 7.0 2.5
50 6.0 3.0 45 9.5 14.0 10. 5
75 9.5 8.0 1.0 18.0 310 28.0
159 .. i 3 25 3.0 .5 1.0 55 9.5 5.0
50 7.0 50 7.0 13.0 21.0 14.5
75 11.5 9.5 13.6 30.0 37.5 30.5
1260 e ] 25 3.5 .5 1.0 40 10.0 7.0
50 7.5 5.5 7.5 13.0 2.5 15.0
75 12.5 9.5 13.0 26.0 38.5 34.0
6. 12 25 30 10 10 50 10.0 85
50 7.0 45 6.5 15.5 25.0 16.5
75 11.0 8.5 13.5 30.5 43.0 35.0
48 24 25 2.0 ~.5 1.0 3.0 7.5 8.5
50 4.5 4.5 6.0 12.5 19.0 15.0
ki) 9.0 9.0 1.0 .5 35.5 30.0
23.. 36 25 2.0 .5 ~1.0 3.5 7.0 7.0
50 5.5 40 5.5 10.5 18.0 14.0
75 0.0 7.5 9.0 28.0 35.0 27.0
... . o 48 25 2.5 .0 -1.0 6.0 10.0 55
50 8.5 35 55 12.5 16.5 1.5
5 9.5 7.0 9.5 23.0 36.0 27.5
MEDIAN NOISE EXPOSURE
Octave bands—cps
Unit
2075 75-150 150-300 300-600 600-1,200 | 1,200-2,400 | 2,400-4,800 |4,800-10,000| Overall
db 83 84 87 88 86 84 81 78 96
Somes___. L. .. 8 15 5 30 26 26 30 30 78

TasLE 17. Percent of men, after various periods of employment, whose hearing levels, in db, did not exceed stated values

db
Kones

Institution: Atlanta; factory: cotton mill; department: twist

Hearing level at stated frequency (eps)

Number of men Months Percent
employed of men
500 1,000 2,000 3,000 4,000 6,000
e i iian 0 25 1.5 ~2.0 -1.5 2.0 4.5 1.0
50 6.0 2.5 4.5 6.5 9.5 7.5
75 1.0 7.0 9.0 15.5 2.5 21.0
,,,,,,,,,,,,,,,,, 3 25 4.5 2.0 3.0 7.0 13.0 9.5
50 7.5 6.0 7.5 15.0 22.0 iLs
75 12.0 9.5 14.5 33.5 40.0 27.5
. 6 25 4.0 3.0 5.5 10.0 1.5 1.0
50 8.5 7.0 10.0 16.5 22.0 18.5
7% 14.0 10. 5 15.0 32.5 37.5 29.5
12 25 30 .0 4.0 9.5 11.§ 7.0
50 7.5 5.5 8.5 e 28.0 16.5
75 12.5 9.5 13.5 29.0 40.0 3.5
24 25 2.5 1.0 2.0 7.0 10.0 50
50 7.0 8.0 7.5 19.0 7.5 20.0
75 1.5 8.5 11.5 26.5 41.5 36.0
MEDIAN NOISF FXPOSURE
Octave bands—cps
Unit
20-75 75-150 150-300 300-600 600-1,200 | 1,200-2,400 | 2,400-4,800 |4,%00-10,000| Overall
86 85 87 R9 88 85 83 ki w7
,,,,,, 11 16 25 32 30 28 MU 30 R4
° ® ° ® ° ) ®
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The noise pattern in the twist department is
very similar to that found in the spin area. The
exposure, however, is slightly more severe, as
shown by somewhat greater shifts in hearing
level at all frequencies. In making these com-
parisons, it should be noted that men assigned
to the spin department had a 14.0-db median level
at 4900 cps, while those iu the twist department
showed only 9.5 db in this frequency prior to
exposure.

The twist department is adjacent to and in the
same room as the weave department, which has
higher noise levels. While the noise levels in the
twist area are as reported, it is possible that
workers in this department are occasionally in
the weave area. thereby subjecting themselves to
a more severe expostre.

Weare—Weave department data are given in
table 18. The noise exposure in this operation is

the most severe at the Atlanta cotton mill. The
total sound pressure level is consistent, with a
median value of 103 db. TEvery octave band ex-
ceeds 85 db, with six of the eight bands being
90 db or more. The highest value, 96 db, is found
at both 600-1,200 cps and 1,200-2,400 cps.

One hundred twenty-eight men in the weave
room showed very substantial increases in hear-
ing level after 3 months of exposure. Compar-
isons with the hearing of 174 men who were tested
before beginning work in this department indicate
median shifts at each of the test frequencies as
follows:

TagLE IS, Percent of men, after various periods of employment, whose hearing levels, in db, did not exceed stated values

Institution: Atlanta; factory: cotton mill: department: weave

Hearing level at stated frequency (cps)
Number of men Months Percent —
employed of men
500 1,000 2,000 3,000 4.000 6,000
L 72 IR UI 0 25 2.0 -2.0 0.0 4.5 9.0 5.0
50 6.0 3.0 6.0 1.0 17.5 13.0
75 10.0 8.0 12.5 23.5 35.5 29.0
L2 3 25 6.0 3.0 11.0 18.0 26.5 15.5
50 9.0 8.0 18.5 28.5 40.0 285
75 14.0 13.0 26.8 4.5 47.5 41.5
96 el 6 25 55 3.5 9.0 13.0 26.5 18.0
50 8.0 8.0 15.5 29.5 39.5 26.0
75 130 12.5 24.5 42.5 475 40.5
6 iimemiieiiaal 12 28 5.0 35 8.0 17.5 28.5 17.0
50 8.5 7.5 15. 5 29.0 40.5 27.0
75 12.0 1.5 255 425 47.5 42.0
45 . el 24 25 585 2.5 10.5 22.0 3ro0 22.0
50 9.0 7.5 17.5 M0 44.0 32.5
75 13.5 12.5 28.5 48.0 49.0 46.5
33. . SO 36 25 3.0 1.0 8.5 25.5 3.5 21.0
50 7.5 6.0 16.5 37.0 45.0 32.0
7% 12.5 11.5 24.5 47.0 50.5 42.0
24 . 48 25 5.0 3.5 6.5 20.0 38.5 215
50 9.0 7.5 13.0 35.0 460 32.0
k) 13.5 1.0 2.0 46.0 51.0 43.0
R 60 25 4.5 4.0 7.5 57.0 35.0 26.5
50 7.5 8.0 12.5 37.0 46.0 335
75 12.0 1.0 20.5 46.0 51.0 45.0
MEDIAN NOISE EXPOSURE
| Octave hands—cps
Unit | _ -
20-75 75-150 150-300 300-600 600-1,200 | 1,200-2,400 | 2,400-4,800 {4,800-10.000| Overall
“ah 20 RY 92 Y4 9 o9 92 86 103
Sones 15 2 36 48 52 58 63 52 147
° ° ° ° L ° *
! °
® ® o [ L @
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The tests after 6 months and 12 months of em-
ployment show no appreciable change from the 3-
month tests. The 45 men tested after 24 months
on the job, however, show additional increases of
approgimately 5 db at 3.000, 4,000, and 6,000 cps,
as compared with 76 men tested after 12 months
of exposure. Men with 3. 4, and 5 years in this
noise environment show little further change in
hearing level.

Individual shifts in hearing level —The data
presented in tables 16, 17, and 18 show trends for
¢roups of men. Table 19 shows, at least in limited
fazhion, the proportions of individual men whose
hearing levels <hifted at least 10 db after 3 months’
employment in the spin, twist, or weave depart-
ments in Atlanta, These figures are for 103 men
selected at random.

Of 86 ears in the weave department, 66, or
76.7 percent, showed increases in hearing levels at
1000 cps, while 3 showed decreases and 17 did
not change. Approximately 60 percent of the ears
in this department had increased levels at 2,000
eps and 6,000 cps, and 65 percent at 3,000 cps. At
least a quarter of the ears showed inereased levels
at 500 eps and 1,000 eps,

Although smaller percentages of increased levels
oceurred i the twist and spin departments, ap-
preciable numbers of ears showed shifts, the mini-
mum being 148 percent at 1,000 eps in the spin
department. At least 20 percent showed higher
tevels in all other cases in these two operations.

Only 2.3 percent of tests showed improved
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levels, the greatest number being 9 out of 206,
or 4.4 percent, at 6,000 eps.

Temporary threshold shift.—Tables 16, 17, and
18 show increases in hearing level among workers
in the cotton mill, with the greatest. change ap-
pearing in the first 3 months. Because testing
had to be done during the work period, some of
these increases are undoubtedly due to temporary
threshold shift.

Two special investigations were conducted in
an attempt to determine the magnitude of this
temporary shift. The first of these was made
during the summer of 1958 when word was received
that the cotton mill would be shut down for a
week. Arrangements were immediately made for
a series of tests to be conducted with 60 men from
the mill study group. The men were picked by
the penitentiary staff solely on the basis of age
and job exposure. Al those selected wer« born be-
tween 1920 and 1930. Fifteen currently worked in
the weave department 3 to 6 months: 15, in other
departments 3 to 6 months: 15, in the weave de-
partment 12 to 24 months: and 15, in other depart-
ments 12 to 24 months. By chance, in each of the
two nonweave groups selected there was one man
from the beaming department, with all of the
others from spin or twist.

Each of the 60 men had his hearing tested dur-
ing the middle of the workweek before the plant
was closed.  The shutdown took place the after-
noon of Friday, July 18 All 60 men were re-
tested on Saturday, July 19, and 30 were tested

Pante 19 Number of ears <howing shifts of at least 10 db in hearing level at stated frequencies after 3 months'
employmient of 103 men in various departments of Atlanta cotton mill

!

Frequency
Number } B T - T
Department of ears 500 1,000 2,000 3,000 4,000 6,000
_ ‘+|=—+—l—l+i= ~1+|=[-+=-+——
iy Sl RS S [ HAE B -— — - —
spin. . . . : RR 1% 8 2 13 74 1 18 69 1 29 56 3 31 A5 2 26 b1 &
Pereent P 0.4 773 23] 148 | 841 1.1]20.4] 75 1.1]329) 637 3.41352] 625 2.3120.5] 64.8 5.7
Twist. i w2 7! 25 ] 6! 25 1 8 2 1 0| 22 ol 17| 14 1 4] 16 2
Percent ‘ 2R VK2 0 t 18.7 ) ™.2 3t 250|719 311|312 688 015321437 3.1 4371500 6.3
Weave w6 24 1 2 | 22 59 5 5t 33 2 56 P 2 66 17 K 52 32 2
Poreent ! ‘A b2l . o.Ml 2.3 | 25.6 i 6R_6 58| 593 | 384 23652325 2377|198 3.5 605 7.2 2.3
! l ' - B | - . - - . R I
Tatal 06 49| 18 ' 4w pasmlooai o] e e owe| 5] 1| se! 6] e2! 105 9
Percent UL N T3 1.9 19.9) 787 ’ 3.4 374 7 1.9] 46.2 | 51.4 2.4 553 418 2.9 447|509 4.4
' ! ! ! L R [ NS SR L S RO
Nark
+Hisan increase of at legst 10 dh
—is a4 deorease of al leyst 10 dh,
=is o change of less than 10 b
e d d ° . ° ’ °
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each day thereafter, those from the weave depart-
ment being tested every other day beginning July
20, and the men from the other departments on
the alternate days, continuing through Sunday,
July 27. The mill resumed operations the morn-
ing of July 28. Each of the men was tested again
later in that workweek and once more 3 weeks
later. With the shutdown period including two
weekends, a O-day respite from the noise was
provided.

Table 20 presents the data obtained from these
special tests. The day-by-day recovery pattern for
the four groups is shown graphically in figures
12,13, 14, and 15.

Of the 15 men from the weave room with 12 to
24 months' exposure (fig. 13), 8 had worked the
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evening shift on July 14, and consequently had
had approximately 12 hours’ rest from the noise
exposure when they were tested on July 15. The
median values for this group on July 15 are there-
fore undoubtedly several db lower than they
would have been had all of the men worked the
day shift.

Examination of the data shows the day-by-day
recovery pattern. Most of the recovery occurred
within 48 to 72 hours, and there are indications,
particularly from group 4 (fig. 15), that little
more would have taken place after 1 week away
from the noise. The tests given after the mill
resumed operations showed a complete reappear-
ance of the temporary shift almost immediately.

In figure 16 the solid line shows the average
hearing level of the 30 weave department workers
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LEGEND: The other special study concerned with recovery
PLANT IN OPERATION iasEansa from temporary threshold shift was carried out at
OURING PLANT SHUT-DOWN o -m Atlanta in February 1960. At that time a hearing
3 b TS test was performed on every man still in the in-
3.3 stitution who had formerly been in the study
23 group but had been removed from the cotton mill
s, 59 for any reason. The number of such men was
wy1s|  comparatively smal. Nevertheless, there were 18
z:; men remaining who had worked in the weave de-
23 partment at one time, and who had had preplace-
ave. 39 ment tests as well as tests while employed.
FTOT Eighteen additional men from other departments,
|4 i with similar tests, were also available.
@ § Figure 19 shows findings for the 18 men who
% e 19 | had once worked in the weave room. The dotted
§ sy (s line is the median hearing level of the group prior
21
g gs LEGEND :
an 53 PLANT IN OPERATION imaENTEw
- DURING PLANT SHUT-DOWN WMITERIIHIm
Juy 13 10 20 30 40 DATE
21 1 1 —L
g; ‘\I:HJ -N-Y éu
wH S
a1 ! ! auG. 31 I
2! JAY 17
i
0 40 DATE - §
AUG. 21 |
HEARING LEVEL Wb oy oz
FIGURE 14. Average day-by-day recovery of temporary g é
threshold shift, for stated frequencier, with time away T
from noize erposure, of 15 men after working 3 to 6 > AUG. 21
months in the spin, twist, and beam departments at 2 JAY 17 i
the Atlanta cotton mill. g b
g
prior to the mill shutdown, while the dashed line avG. 21 !
shows the minimum level measured at any time ‘ Yz
during the period away from the noise exposure. m‘l.’.‘ | 3
Figure 17 presents similar data for the other 30 f
men. as. 21
In figure 18 the solid line shows the net re- AT w4z
covery of the 30 men who had been on the job 3 [ 3
to 6 months, while the dashed line indicates re- gy ?
covery of the 30 men who had exposures of 12 —AL 21
10 24 months. The men with the shorter exposure 40 Date
period recovered from 5 to 10 db more than did @

the other group. Since the levels of all four
groups gave evidence of stabilizing after 1 week
away from the noise, there are indications that
more of the shift accompanying the longer work
interval is not temporary.

Froure 15. Average day-by-day recovery of temporary
threshold shift. for stated frequencies, with time away
from noize erposure, of 15 men after working 12 to 24
monthx in the zpin, twist, and heam departments at
the Atlanta cotton mill.




TEST WhLE EMPLOYED
NINHIUM LEVEL DURING SHUT-DOWN

FIGURE 16. Average mazimum re-
ecovery of temporary threshold
shift, for stated frequencies, dur-
ing 8-day period without noise ex-
posure, of 30 employc '8 from the
wearve department of the Atlanta
rotton mill.

Audiometric Data: Study Groups
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TEST wrl EMMLOYED
MNRIUM LEVEL DURNG SHUT-DOWN

F1GURE 17. Average mazimum re-
covery of temporary threshold
shift, for stated frequencics, dur-
ing 9-day period without noise ex-
posure, of 30 employees from the
spin, tirist, and beam departments
of the Atlanta cotton mill.
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LESEND:

3 TO 6 MONTHS EMPLOYMENT
12 TO 24 MONTHS EMPLOYMENT

FIeure 18. Net recovery of tempo-
rary threshold shift, for stated
frequencies, during 8- or 9-day
period without noise exposure, of
one group of 30 men with 3 to 6
months of employment and
another group of 30 men with 12
to 24 months of employment in the
cotton mill at Atlanta. Each
group contained 15 men from the

to starting work in this department. The dashed
line is the median of their final tests while still
employed. and the solid line is the median of their
tests in February 1960. Figure 20 presents simi-
lar information for the 18 men from the other
departments.

At first glance it appears from figures 19 and
20 that there was almost complete recovery after
removal [-om the noise exposure, particularly
among the men from the weave department. Al-
though this somewhat inconsistent finding may be
due in part to the relatively small number of men

weave department and 15 men
from the spin, twist, and beam
departments.

involved, another possibility should not be over-
looked.

As was pointed out in our first report (appen-
dix, p. 65), “in classifying inmates for work in
the prison industries, consideration is given to
previous experience in given jobs. Bureau of
Prisons officials have advised us that many of the
men assigned to the cotton mill have had previous
experience in the textile industry. In other words,
these men could have already suffered some hear-
ing loss because of previous employment.”

The following figures are of interest :

Median hearing level in db at stated frequencies
Group
500 1,000 2,000 3,000 4,000 6,000
1,055 men (age 30-39) at time of admission to Atlanta.......... ... . ........._ .. .. .. 6.5 2.3 54 9.0 14.3 1.7
174 men at time of assignment to weave department_ .. ... ... . . _._ 6.0 3.0 6.0 1.0 175 13.0
1% men (from fig. 19) at time of assignment to weave department... .. .. J 4.0 2.2 10.0 13.5 23.0 15.0
18 men (from fig. 19) after removal from noise (February 1960) ... ... ... ... ... . 3.8 2.0 4.0 13.0 25.0 2.0

Comparison of the two top lines of figures indi-
cates a slightly but definitely higher median hear-
ing level for the 174 men assigned to the weave de-
partment than was found for all men of similar
age entering the institution. This ditference
might be attributed in large measure to the work
placement policies at the institution. The 18 men
who had postemployment tests show even higher

levels in the 3,000- to 6,000-cps range at the time
of assignment, as well as after removal from the
noise. Whatever the cause, the postemployment
hearing level of this group is inferior to that of
men of similar age who enter the institution.

It is worth noting that there is remarkable
agreement between the recovery curves of the two
studies of temporary threshold shift, as seen by
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Fiouge 19. Median hearing levels, at stated frequencies,
after exrtended but indefinite periods of removal from
noise erposure, of 18 former employees of the weave
department of the Atlanta cotton mill, compared with
the median lerels obtained during their last hearing
tests while still employed, and their median hearing
levels prior to their assignment to that employment.

comparing figure 16 with figure 19 and figure 17
with figure 20.

Terre Haute
Woolen Mill

Card, xpin, and finishing—Table 21 shows data
on the hearing of men after various periods of
employment in the carding and spinning depart-
ment of the woolen mill. The men from the finish-
ing department are also included in this group,
since the noise environments are similar and the
number of men in finishing was too small to con-
sider alone. The median total sound pressure
level in these combined operations is 90 db, with
nooctave band exceeding 81 db.

Only nominal changes in hearing levels are
noted for the inen in these departments, even after
24 months of exposure. At 4,000 cps, where the
first and greatest change normally occurs, the total

~10y

-

(@)

HEARING LEVEL

40
|
o |
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LEGEND: SPIN AND TWwIST DEPTS.

PRE-EMPLOYMENT TEST
LAST TEST ON JOB
AFTER REMOVAL FROM EXPOSURE

F1euRre 20. Median hearing levels, at stated frequencies,
after exrtended but indefinite periods of removal from
noize erposure, of 18 former employees of the spin and
twist departments of the Atlanta cotton mill, compared
with the median lerels obtained during their last hear-
ing tests while still employed, and their median hear-
ing levels prior to their assignment to that employment.

variation of the median was only 1 db. At 3,000
cps, 38 men with 24 months on the job showed
6.5-db increase of the median over 78 men with
12 months in the same environment. There was
an increase of 3.5 db at 6,000 cps for men with
3 months of exposure. Considering the overall
pattern of changes, there is no evidence of signifi-
cant hazard.

Dye and pick.—Hearing levels of men with up
to 1 year of employment in dyeing and picking
operations are shown in table 22. These men are
exposed to a median total sound pressure level of
94 db. The level for the 150-300-cps octave is 89
db, and the two lower octaves are 85 db each.

Audiometric tests of men with 3 months or 6
months of exposure reveal no particular indica-
tions of noise-induced changes in hearing levels.
Twenty-six men with 12 months on the job show
a slightly increased level at the higher frequencies
for the medians and also for the 75th percentile
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TABLE 21. Percent of men, after various periods of employment, whose hearing levels, in db, diu not exceed stated values

Institution: Terre Haute: factory: woolen mill; departments: Card, spin, and finishing

Hearing level at stated frequency (eps)
Number of men Months Percent
employed of men
500 1,000 2,000 3,000 4,000 6,000
D« U 0 25 6.5 2.5 -3.0 1.0 4.0 3.0
50 1.5 5.0 2.0 8.5 12.0 9.5
16.0 9.0 75 4.0 21.0 2.5
18T e i as 3. 25 55 10 -2.5 15 50 4.0
50 10.5 4.5 2.5 7.0 12.5 13.0
75 15.0 10.0 8.0 15.5 21.0 2.0
L P S 6 26 50 .5 -3.0 10 4.5 3.5
50 10. 5 5.5 2.5 7.0 12.0 1.5
75 17.5 10.0 8.0 18.0 28.0 245
. T 12 25 7.0 2.5 ~1.0 2.5 4.5 4.5
5 12,5 7.5 55 9.0 12.0 12.0
5 18.5 12.5 12.5 18.5 27.0 23.5
BB e e eeiaaaan 24 25 4.5 -3.0 -3.5 3.0 50 3.0
50 10.0 3.5 2.5 16. & 13.0 14.5
75 215 11.0 10.0 2.5 25.0 25.0
MEDIAN NOISE EXPOSURE
Octave bands—ceps
Unit J—
20-75 75-150 150-300 300-600 I 600-1,200 | 1,200-2,400 | 2,400-4,800 |4,800-10,000| Oveiall
db. . 80 bl 81 81 79 76 71 66 2
SOMeS . ... ... ] 10 16 18 16 15 15 13 45
TaBLE 22. Percent of men, after various periods of employment, whose hearing levels, in db, did not exceed stated values
Institution: Terre Haute; factory: woolen mill; department: dyeing and picking
Hearing level at stated frequency (cps)
Number of men Months Percent
employed of men
500 1o 2,000 3,000 4 0 6 0
e 2D 0 25 7.0 1.0 -4.5 1.0 2.0 LS
50 12.5 5.5 2.5 6.5 11.0 13.0
75 18.5 11.0 11.5 20.5 2.5 3.0
8. ... 3 25 4.0 L5 -85 1.0 2.5 15
50 10.5 5.0 1.0 7.5 9.0 1.0
k{3 17.0 9.0 9.0 18.0 24.0 29.0
72 [ 25 7.8 2.5 -5.5 20 6.0 3.5
50 14.5 7.0 2.0 9.0 13.5 12.0
75 19.0 12.0 9.0 22.0 33.0 30.0
M. 12 25 3.5 .8 -2.5 2.0 6.0 5.0
50 1.0 55 3.5 1.0 17.5 16.0
75 16.0 12.0 12.0 2.0 3.5 40.0
MEDIAN NOISE EXPOSURE
Octave bands—cps
Unit
2-75 ‘ 75-150 I 150-300 300--600 600-1,200 | 1,200-2,400 | 2,400-4,800 {4,800-10,000| Overall
db 86 85 89 7 74 68 62 4
Sones. .. 10 16 29 2 16 13 12 10 58
o ® ® ® ® L  J
L)
o 9 | ® ® ] [ ]

. {
® e
° e
o e
° e
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Fiovre 21. Median hearing levels, at stated frequencies, of two groups of men at Terre Haute with 3 months and 24
months of employment, respectively, in the woolen mill weave department, compared with two groups of men at
Atlanta with similar periods of employment in the cotton mill weave department.

values.
less.

Because of the small number of men and the
short period of observation, only limited conclu-
sions or observations are indicated. There are
signs that some increase in hearing threshold at
high frequencies might take place with prolonged
exposure, but much of this change might represent
temporary threshold shift.

Weave and warp—The most severe noise ex-
posures in the woolen mill occur in the weaving
and warping department. While generally simi-
lar to the weave room noise pattern at Atlanta,
the operations are on a smaller scale and the noise
levels are lower. The median total sound pres-
sure level found was 97 db. The four octave bands
between 300 and 4,300 cps each measured 87 db
or more, the peak being 90 db for the 1,200-2,400-
cps octave.

Table 23 gives hearing data on men employed
up to 24 months in this environment. A definite
shift in hearing level appears with 3 months of
exposure, with 113 men showing median changes

No changes are apparent at 2,000 cps or

of at least 12 db at 3,000, 4,000, and 6,000 cps.
Again, there is a slight reversal of trend with 12
months’ work. Another increase, however, ap-
pears after 24 months in this noise environment,
particilarly at 4,000 cps.

The pattern of shift, while not as severe, is
similar to that observed among workers in the
weave room at Atlanta. This similarity is shown
in figure 21, which presents the shifts in hear-
ing levels after 3 months and 24 months for weave
room employees at both institutions from the
levels found prior to beginning such work.

Leavenworth
Shoe Factory

Fitting.—Table 24 presents data for the hear-
ing of men after various periods of work in the
fitting department of the shoe factory. The total
sound pressure level in this department is 89 db.
The highest median octave band level is 82 db and
is in the 20- to 75-cps band.

No great changes in hearing levels were recorded
in this department. Shifts of only 2 to 3 db are
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TABLE 23. Percent of men, after various periods of employment, whose hearing levels, in db, did not exceed stated values

Institution: Terre Haute; factory: woolen mill; departments: weaving and warping

Hearing level at stated frequency (cps)
Number of men Months Percent
employed of men
500 1,000 2,000 3,000 4,000 6,000
B0, iieeiicuciesmesmcecesccessmomessccaccacesscssseis 0 25 2.0 1.0 -3.5 —-0.5 2.0 —0.5
50 9.5 5.0 L5 5.5 9.0 8.0
% 15.0 11.6 8.0 14.0 18.5 22.5
b § & J RN 3 25 6.5 3.0 2.0 6.5 10.0 9.5
50 12.0 8.5 9.0 17.5 22.5 20.5
75 18.0 13.5 16.5 33.0 38.0 34.0
B2 e eeaeeemccmccacccecmccescceesmmnmmmmmmemmmnan [} 25 5.0 3.5 1.0 7.0 9.5 8.5
50 9.0 8.5 9.0 17.0 21.0 18.0
% 14.0 14.0 17.0 33.0 38.5 36.5
A0 e iciacieeimccccradecececmeceeeeecmamm——ea 12 25 2.0 1.0 1.0 55 8.5 7.5
50 7.5 7.5 7.5 16.0 18.5 16.5
75 12.0 13.5 14.0 27.0 32.0 3.0
2B, e amcceamcamccmmeceaecmcesemmeen———an 24 25 5.5 2.0 [ 8.0 20.0 8.0
50 10.5 7.0 11.0 20.0 30.5 19.0
75 17.0 12.0 17.0 33.5 39.0 38.0
MEDIAN NOISE EXPOSURE
Octave bands—eps
Unit
20-75 75~150 150-300 300-600 600-1,200 | 1,200-2,400 | 2,400-4,800 |4,800-10,000( Overall
7% 5 81 87 89 90 87 81 97
4 8 16 28 32 40 45 36 )

found for the higher test frequencies after 24
months® employment. These shifts seem to con-
tinue at about the same rate during the next 2
years of exposure.

Lasting and cutting—Data for lasting and cut-
ting operations are grouped together in table 25.
The median total sound pressure level in these
operations is 89 db, with a peak octave band value
of 82 db at 600 to 1,200 cps.

Men working in these areas for periods up to
36 months show only slight increases in hearing
level, with no marked pattern of change in median
values. The maximum differential is 5 db at 6,000
eps after 6 months’ exposure. Somewhat more
consistent. increases in levels are observed for the
75th percentile values in the higher frequencies.

Other operations.—Because the noise environ-
ments are similar, data for making, treeing, sole
leather, welting, and bottoming operations are
combined in table 26. The median total sound
pressure level for these departments is 93 db. The
highest median octave band level is 84 db, and is
found in the three octaves between 300 and 2,400
cps.

Men with periods of employment up to 48
months show slight and gradual increases in hear-

ing level at all frequencies. The largest median
difference found is 6 db at 3,000 cps after 36
months. Increases in the 75th percentile are like-
wise comparatively slight.

Brush Factory

Table 27 provides data on hearing of men in
the brush factory for various periods of employ-
ment up to 60 months. All operations are com-
bined in this table since most of the noise
exposures are similar. The median overall sound
pressure level is 89 db, and the highest median
octave band level is 83 db at 600 to 1,200 cps.

A fairly consistent pattern of moderate gradual
increase in hearing level with time is observed
from the data in this table. Twenty-eight men
with 48 months of exposure show median levels
that exceed those of 89 newly assigned workers
as follows:

cps dbd
500 - e ——— 4
1,000 e 3.5
2,000 e 3
3,000 e 8
4,000 e, 10.5
8,000 . e 14.5
o L o
4
® L ®
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TaBLE 24 Pereent of men, after various periods of emplogment, whose hearing levels, in db, did not exceed stated values

Institution: Leavenworth; factory: shoe; department: fitting

Hearing level at stated frequeney (eps)
Number of men Months Percent —
employed | employed
500 1,000 2,000 3,000 4,000 6,000
9o e e 0 25 0.5 -0.5 0.0 L5 0.5 1.5
50 4.0 3.5 4.0 5.5 7.0 8.0
75 8.0 7.5 9.0 4.0 18.5 18.0
70 e emiceieao el 3 5 2.0 Lo .8 | 2.5 3.0
50 5.5 4.0 4.0 7.0 9.0 10.5
75 9.5 8.5 10.5 17.5 2.5 20.0
O . L e ————— .- 6 25 2.0 .5 L0 2.5 3.0 3.0
50 6.0 4.0 4.5 9.5 10.5 9.5
75 115 9.5 10.0 17.5 244 23.0
P PN 12 25 2.5 .5 Lo 2.0 3.0 3.0
50 7.0 4.5 4.5 7.0 9.0 9.5
75 11.0 9.5 10.0 17.0 26.0 21.0
B . el 24 25 2.5 2.0 -5 .5 2.5 3.5
50 6.5 7.0 6.0 7.5 10.0 1.0
75 12.0 12,0 115 18.5 2.0 23.0
= R 36 25 3.0 3.0 2.0 15 5.0 4.0
50 7.0 7.0 7.0 7.5 14.5 13.0
75 1.0 10.5 13.0 210 2.5 29.0
23 ... 48 25 .5 4.0 2.5 3.0 3.5 8.5
50 4.5 7.5 7.5 85 13.5 15.0
7% 10.5 12.5 19.0 26.0 28.0 24.5
MEDIAN NOISE EXPOsSURE
Octave bands—cps
Unit
W75 | 75150 150-300 300-600 | 600-1,200 | 1,200-2,400 | 2,400-4,800 {4,800-10,000| Overall
db . Lo L0 . ¥2 80 80 7 4 70 70 66 ]
Sones ... . ... .. ! & 11 15 14 11 10 14 13 39

TarLE 25, Pereent of men, after various periods of cmployment, whose hearing levels, in db, did not exceed stated values

Institution: Leavenworth; factory: shoe; departments: lasting and cutting

Iearing level at stated frequency (cps)
Number of men Months Percent
employed | of men 500 1,000 2,000 3,000 4,000 l 6,000
7 2 e [i] 25 0.5 0.5 —-0.5 3.0 (i.(J’ 6.5
5 4.5 4.5 5.0 8.0 14.0 125
75 8.5 8.5 10.5 18.0 23.5 28.5
1 2 3 25 2.5 L5 Lo 2.5 5.0 7.0
50 6.5 5.0 4.5 8.0 125 14.0
75 10.0 9.5 9.5 17.5 325 29.0
1 2 6 25 2.5 2.5 1.0 3.5 5.5 7.5
50 7.0 6.0 4.5 9.0 17.5 17.0
75 12.0 LS 9.5 215 32.5 35.5
il 12 25 2.5 15 15 3.5 .8 8.0
50 6.5 5.5 6.0 0.0 14.5 16.5
75 1.5 1.5 14.5 23.0 215 30
O 24 25 50 3.5 2.0 2.5 6.5 80
50 8.5 7.0 6.0 8.5 17.0 16,5
75 13.0 15 1.0 18.0 33.5 35.0
K 2 36 25 2.5 2.5 2.5 2.5 5.5 8.0
50 7.0 6.0 7.0 9.0 15.0 15.0
75 12.0 12.5 Lo 24.0 35.0 43.5
MEDIAN NOISE EXPOSURE
' Octave bands—ceps
Unit i _
20-75 75-150 150-300 300-600 §00-1,200 | 1,200-2,400 | 2,400-4,800 |4,800—10,000 Overall
dbo 79 ] b 8l 82 E 76 72 89
Sones. ! 6 9 14 18 20 18 21 2 53
i
® ° ° ° ® ° ! °
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TABLE 26. Percent of men, after various perivds of cmployment, whose hearing levels, in db, did not exceed stated values

Institution: Leavenworth; factory: shoe; departments: making, treeing, sole leather, welting, and bottoming

Hearing level at stated frequency (cps)
Number of men Months Percent J—
employed of men
500 1,000 2,000 3,000 4,000 6,000
8 0 25 1.0 1.5 L5 3.0 2.5 2.5
50 5.5 4.5 6.0 8.5 10.0 1.0
75 8.0 10.5 12.0 17.5 29.0 24.5
B0 e 3 25 2.5 L5 10 3.5 50 6.0
50 6.5 5.5 6.0 0.5 4.5 13.5
75 10.0 1.0 12.0 23.0 21.5 28.0
81, I [ 25 4.0 3.0 2.0 3.5 6.0 6.0
50 7.5 6.5 6.0 8.5 12.5 13.5
75 12.0 0.8 1.0 16.0 28 5 27.5
08 12 25 3.5 2.0 2.0 3.5 6.0 6.5
50 7.5 6.0 6.5 9.5 16.0 15.5
75 11.5 9.5 12.0 19.0 32.5 28.0
o6 IR 24 25 4.0 3.0 L5 3.5 6.0 7.0
50 7.5 6.5 4.0 10.0 15.0 14.0
75 12.0 9.5 13.5 22.5 32.5 27.0
B0 i 36 25 3.5 3.0 2.5 3.5 5.5 6.5
50 7.5 7.5 7.5 14.5 15.0 14.0
75 13.5 13.5 16.5 26.0 32.0 30.0
. 3 S 43 25 4.0 3.0 2.5 5.5 55 8.0
50 8.0 7.0 9.0 14.5 15.0 14.5
75 13.0 12.0 15.0 24.0 32.0 29.0
MEDIAN NOISE EXPOSURE
Octave bands—ecps
Unit S
20-75 75-150 150-300 300-600 600-1,200 | 1,200-2,400 | 2,400-4,800 |4,800-10,000| Overall
db e 81 78 84 84 84 80 74 93
Sones____. e IO, e 7 9 22 23 26 28 23 65

Furniture Factory

Although data are available for only small
numbers of men in this plant. they are included
becanse of the severity of some of the noise
eXpostres.

il - Mill 1 presents the most severe noise
exposure at Leavenworth. \\ median overall
notse level of 101 db was found here, with the
Toth percentile reaching 110 db (table 6). Mill
2 has slightly lower noise levels, the overall median
l;eing‘.)mll),

Table 2% presents combined data for Mills 1
and 2. ‘The median total sound pressure level for
these operations is 99 db. The peai octave band
valie is 90 db at 300 to 600 cps. Al octave bands
hetween 150 eps and 4,800 cps exceed 85 db.

Hearing levels in every frequency are found
to be higher after exposure to this noise environ-
ment.  The 19 men with 12 months of employment
in the mills had levels higher than 12 newly as-
signed men by amounts ranging from 4 db at

5988770 61— 4

1,000 ¢ps to 16.5 db at 6,000 cps. Eleven men
with 24 months of this noise exposure show levels
approximately 10 db higher at 3,000, 4,000, and
6,000 cps than the men with 12 months on the job.

The shifts in level after 24 months are approx-
imately the same as were found for workers with
24 months’ exposure to the weave room noise in
Atlanta. Peak levels in Mill 1 are much higher
than any at Atlanta, but while weave room ex-
posures are continuous, there is some intermittency
in the wood working schedule.

Other operations—Data for other furniture
factory operations are combined in table 29. In-
cluded are the finish, eabinet, and brush and handle
departments. A variety of noise exposures are
combined here. Even so, hearing data on only
small numbers of men are available. The median
overall sound pressure level for these operations
is 88 db, the highest median octave band level
being 82 db at 20 to 75 cps. Some of the opera-
tions occasionally have considerably higher noise
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TaBLE 27. Percent of men, after rarious periods of cmployment, whose hearing levels, in db, did not exceed stated values

Institution: Leavenworth; factory: brush: departments: all

Hearing level at stated frequency (eps)
Number of men Months Percent
employ.d | of men
500 1,000 2,000 3,000 4,000 6,000
RO 0 25 0.0 0.5 0.5 -2.0 3.0 1.0
50 4.0 3.5 4.0 5.0 9.5 8.0
75 85 8.0 10.0 15.0 20.0 25.5
B3 ool 3 25 2.0 .5 15 2.5 1.0 3.0
50 5.5 4.5 6.0 8.0 10.0 9.5
75 9.0 9.5 1.5 14.5 23.0 22.0
L L L LR T e e PP PP 6 25 2.0 15 3.5 2.0 2.5 2.5
50 5.0 4.5 7.5 7.0 11.0 10.0
75 10.0 9.0 12.8 175 25,0, 24.0
0 e, 12 25 2.5 1.5 2.0 2.5 5.0 3.0
50 6.5 6.0 55 8.5 14.0 13.0
75 10.0 10.0 10.5 19.5 30.0 28.0
P ISR 24 25 1.5 1.5 10 2.0 4.0 3.0
50 5.5 5.0 5.5 8.0 13.5 13.0
75 9.5 9.5 10.0 18.0 25.0 27.0
B 36 25 3.0 2.5 .5 2.5 3.5 3.5
50 7.0 6.5 6.5 9.0 16.0 16.5
75 9.5 10.0 10.2 20.0 28.0 29.0
DR 48 25 5.0 3.0 2.5 4.5 7.0 0.0
50 8.0 7.0 7.0 13.0 20.0 22.5
75 1.0 10.0 12.0 22.5 29.5 34.0
. 60 25 3.5 3.0 4.0 3.5 6.0 5.0
50 7.0 7.5 9.0 9.5 20.0 20.0
75 10.0 10.5 15.0 25.0 37.0 2.5
MEDIAN NOISE EXPOSURE
Octave bands—ceps
Unit
20-75 75150 150-300 300-600 600-1,200 | 1,200-2,400 | 2,400--4,800 |4,800-10,000| Owerall
Ab e 80 78 80 80 81 79 74 68 89
SONeS L e reeiiaaias 6 9 15 17 18 18 18 15 47

levels (table ). Most of the extreme noise con-
ditions, however, are intermittent in nature, thus
lessening the degree of hazard.

The absence of sustained high noise levels prob-
ably explains why 21 men with 12 months of
employment show median hearing levels essen-
tially the same as those of 13 men at the time of
assignment to these departments. Even 12 men
with 24 months’ exposure show similar levels, ex-
cept at 4,000 ¢ps where there is an increase of 7 db.

Printing Plant

Table 30 presents hearing data for men having
various periods of employment in the printing
plant. The median total sound pressure level in
this shop is 91 db, with the median peak octave
band level heing 82 db at 150 to 300 cps.

No evidence of significant shift of hearing
threshold is apparent in the groups of men with 6,

12, 24, or 36 months of exposure. Men with only 3
months on the job show slightly higher levels at
4,000 and 6,000 cps than the men with no exposure,
but each of these groups has fewer than 20 men,
and the data are not felt to be meaningful.

Clothing Factory

Data on hearing levels of groups of men with
various periods of employment in the clothing
factory are given in table 31, The median over-
all sound pressure level in this plant is 83 db, with
no octave band reaching the 80-db level.

Twenty-five men with 3 months’ exposure show
somewhat higher median hearing levels in the
high frequencies than new employees, the maxi-
mum difference being 7 db at 6,000 cps. The dif-
ference for 4,000 cps is 4.5 db. Although this
value remains constant with groups having longer
exposure, the level at 6,000 cps, after reaching

Y ® ® ® ] o o
! °
° ° ® ® o ¢
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TanLE 28. Percent of men, after various periods of employment, whose hearing levels, in db, did not erceed stated values

Institution: Leavenworth; factory: furniture; departments: mills 1 and 2

Hearing level at stated frequency (cps)
Number of men Months Percent
employed of men
500 1,000 2,000 3,000 4,000 6,000
B 0 25 -15 -0.5 3.5 6.0 8.0 8.0
50 3.0 6.5 8.5 9.5 16.0 13.5
75 6.5 10.0 15.0 25.0 37.0 41.5
N 3 25 6.0 6.0 5.5 4.0 9.0 9.0
50 11.0 11.5 10.0 15.0 32.5 20.0
75 14.0 17.5 37.5 51.5 52.5 51.5
1 [ 25 6.5 6.0 6.0 8.0 9.5 9.5
50 9.5 10.0 9.5 22.5 27.5 22.5
7 16.0 16.0 16.5 42.5 47.0 48.0
10 12 25 6.6 6.5 8.0 13.5 is.0 13.v
50 9.5 10.5 13.0 25.0 30.0 30.0
5 15.0 15.5 21.0 41.5 46.0 45.5
L T LR PP PR 24 25 6.0 6.5 8.0 17.5 340 27,5
50 8.5 9.5 13.0 37.5 41.5 39.0
75 12.5 13.0 19.0 44.5 49.0 46.5
T USRS 3% 25 6.0 6.5 7.0 20.0 25.0 25.0
50 8.5 8.5 11.0 37.5 42.5 38.5
75 12.5 12.5 20.0 48.0 49.0 145.0
MEDIAN NOISE EXPOSURE
Octave bands—cps
Unit
20-75 75-150 150-300 300-600 600-1,200 l 1,200-2,400 | 2,400-4,800 |4,800-10,000| Overall
Ab_ i e 83 83 88 90 88 86 88 83 a9
0T 1 8 14 27 34 36 30 49 12 105

TarLy 29,

Institution: Leavenworth; factory: furniture; departments: finish, cabinet, brushes, and handles

Pereent of men, after various perinds of employment, whose hearing levels, in db, did not exceed stated values

Hearing level at stated frequency (cps)

Number of men Months Percent
employed of men
500 1,000 2,000 3,000 4,000 6,000
| & S, e e il 0 25 —0.5 0.5 0.5 0.5 3.0 7.0
50 6.0 6.6 6.0 9.0 13.0 15.5
76 1.5 13.0 10.5 13.5 2.5 2.0
S 3 25 2.5 2.0 3.0 2.0 4.0 30
50 8.5 6.5 7.0 10.0 13.0 10.0
75 10.0 12.5 11.0 20.0 22.5 19.0
1 e et e 6 25 2.0 1.5 2.0 4.0 8.0 1.8
50 6.0 5.0 6.0 11.0 14.5 17.5
75 10.0 12.5 10.0 21.5 30.0 2.5
-2 U 12 25 3.5 2.0 2.5 3.5 8.0 8.5
50 7.0 5.5 7.0 1.0 15. 5 16.0
75 10.0 13.0 12.0 2.5 2.0 25.0
12......... - 24 25 3.0 1.5 2.5 3.0 12.0 11.0
50 70 50 6.0 12.5 2.5 15.0
7% 12,5 14.0 1.0 28.0 34.0 30.0
MEDIAN NOISE EXPOSUKE
Octave bands—eps
Unit
20-75 75-150 150-300 300-800 600-1,200 | 1,200-2,400 | 2,400-4,800 |4,8%00-10,000| Overall
db.......... ... R 82 79 80 78 ki 75 74 66 88
Sones.. 8 10 15 15 14 14 i8 13 45
® ® ° ) ® ° ‘ °
AR _ matihbiiaitemsiinesin
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TasLE 30. Percent of men, after various periods of employment, whose hearing levels, in db, did not exceed stated ralues

institution: Leavenworth; factory: printing; departments: all

Hearing level at stated frequency (eps)
Number of men Months Percent | __
employed of men
500 1.000 2,000 3,000 4,000 6,000
13 0 25 1.5 1.0 1.5 2.5 0.5 3.0
50 55 4.5 50 9.0 11.0 10.0
75 85 8.0 9.5 14.5 7.5 26.0
| PR 3 25 3.0 2.0 15 6.0 50 6.0
50 6.0 5.0 4.5 9.0 4.5 15.0
75 8.5 7.5 9.5 14.0 22.5 25.0
] (U U 6 25 L5 .5 L5 5.5 3.5 3.5
50 55 5.0 7.0 9.5 12.0 12.0
7 8.5 8.0 13.0 17.5 24.0 3.0
DT P 12 25 1.0 5 .5 1.5 3.5 3.5
50 50 4.0 6.0 10.0 0.0 1.0
75 8.5 7.5 11.0 15.0 20.0 22.5
S U 24 25 L5 10 1.0 3.5 4.0 6.0
50 5.0 0.0 4.5 9.0 10.0 13.5
5 8.5 8.5 4.5 19.0 22.5 23.0
20 36 25 15 3.0 2.5 4.0 4.5 55
50 5.0 6.5 9.5 1.5 10.0 12.0
75 8.5 10.0 14.0 25.0 25.0 0.0
MEDIAN NOISE EXPOSURE
Octave bands—eps
Unit N B
20-75 75100 150-300 300-600 600 1,200- 2,400- 4,800~ Overall
1,200 2,400 ,800 10,000
1] L. R e ™ ] 82 13 80 7 71 69 9
Sones . . 4,,, Bl 1 ' 18 18 17 15 15 16 47

a peak for men with 6 months™ employment, de-
ereases for men with 12 or 24 months” work, show-
ing little ditfevence from the level for new meun.
The leveis ai 3.000 cps show a similar regression
pattern. It is unlikely that the moderate noise
levels in this plant are vesponsible for the some-

what erratic data obtained.

Lewisburg

Shortly after the publication of our prelimi-
nary report (appendix). it was decided to discon-
tinue the eollection of hearing data from the study
group in Lewisburg. The general nature of the
noise environment in the wmetalworking opera-

tions, including its variability not only from hour
to hour, but also from day to day, precluded a
suitable estimate of weighted average exposure
without continuous noise monitoring, and even
siieh monitoring might be ineffectual.

The other noise exposure being studied at Fewis-
burg was in the clothing “wctory. Nince the pre-
Iminary data analysis showed results similar to
those obtained at the Leavenworth clothing fac-
tory, and since the noise levels were comparatively
low, it. was decided to relieve the institution of any
further burden with this project.

Consequently, only the findings on the study
group from Lewisburg which appear in the ap-
pendix are included in this report.
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TasLk 31. Percent of men, after various periods of employment, whoxe hearing levels, in db, did not exceed stated values

Institution: Leavenworth; factary: clothing; department: tailoring

Hearine level at stated frequency (cps)
Number of men Months Percent |___
employed of men
500 1,000 2,000 3,000 4,000 6,000

2§ B e 0 2] -15 =20 -1.0 1.0 1.0 3.5
50 2.5 20 3.5 6.0 9.0 5

75 7.5 9.0 9.5 1.5 16.6 20.0

P 3 25 2.5 1.0 1.0 2.5 55 5.5
50 9.0 7.5 7.0 10.0 13.5 17.0

75 14.0 15.0 14.5 21.5 27.6 29.0

<~ T T 6 25 2.0 2.0 2.5 5.0 6.0 6.5
50 8.5 7.0 7.5 1.5 13.6 19.0

75 12.5 15.0 13.0 20.5 27.5 33.0

45 U 12 25 4.0 15 3.5 2.5 4.5 4.0
50 9.5 5.5 7.5 9.0 13.5 12.5

75 15.0 11.0 15.0 18.5 23.5 2.0

M el - 24 25 Lo 1.0 4.0 2.5 3.0 4.5
50 5.0 5.5 7.5 8.0 13.5 12.0

75 15.5 12.0 13.0 17.0 20.0 2.0

] . - 36 25 L5 1.5 L5 2.5 20 4.0
50 4.0 4.0 4.0 7.0 80 9.5

75 7.5 5.5 8.5 11.5 15.0 18.5

MEDIAN NOISE EXPOSURE
Octave bands—cps
Unit ——
20-75 75150 150-300 300-600 600-1,200 | 1,200-2,400 | 2,400-4,800 |4,800-10,000] Overall
db 78 73 7 73 71 68 62 AR 83
Sones.oooooo.oo. 5 6 12 11 9 9 k] 7 20
o [ ® L J @ [ ®
° ° ° ° ® ° ‘e
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Criteria: Review and Comparisons

Questions Involved

How do the findings from these studies fit with
various proposed criterian/ Before attempting
to answer this gunestion, it is necessary to clarify
the meaning and objectives of such criteria.

Although criteria have been suggested by many
authorities. these are not always intended for the
same purpose. [n one instance a criterion may be
desired to assist in determining eligibility for
compensation, while another may be needed to de-
termine where protective measures are indicated.
An important distinetion is whether criteria are
intended to define a hazardous situation or, con-
versely, to define a safe environment. There are
considerable ditferences between these criteria and
their applications.

Developing criteria for any purpose is diffieult
beeanse of the vartability and largely unknown
nature of the relationships between hearing
ehanges and the innumerable types of noise,
particularly since the duration of exposure is of
such great importance. There are many technical
difficnlties in making proper measurements of
noise or hearing, but these are far from being the
most diffientt problems involved. The Research
Center of the Subcommittee on Noise, and others,
are corrently making important contributions to
knowledge in such areas as temporary threshold
<hift (4-%), but a deeper probing of the problem
is needed.

Eldredge (9) has recently prepared probably
the best review of the problems involved in es-
tablishing eriteria for noise exposure. In this re-
port he considers, among others, such questions
as the purposes of criteria, how noise exposure
should be measured and deseribed, and how hear-
ing impairment and loss of hearing should he
measured and evaluated.

In his discussion of purposes of criteria, he
states:

The uitimate decisions . based on social and humane
valuea. These questions .unnot be answered by direct

42

recourse to scientific method. The most common goal
for criteria states, or implies, that the hearing to be
protected is the hearing for speech (American Medical
Association, 1955). and that this hearing should be pro-
tected in most, but not necessarily all. personnel exposed
to noise, Criteria based on this goal further state, or im-
ply, that persons with ears specially sensitive to injury
by noixe shounld be detected by a hearing conservation
program. and removed from excessive exposure before
hearing for speech is impaired (American Academy of
Ophthabmology and Otolaryngology, 1957).

Normal seusitivity of hearing. especially sensitivity
for high-frequency tones, diminishes with age. The
amount of this kind of loss of hearing varies considerably
from person to person. Another possible goal for criteria
is that exposure to noixe should not alter the distribution
of loss of hearing frowm the distribution found in unex-
posed popnbations.  Thix is the most rigorous goal society
can set. A conerete example of the implications of this
most conservative decision is demonstrated in the re-
port by Rosenwinkel and Stewart (1957). Even for
quite moderate continuous exposures to steady noises
at about 80 db per octave band, personnel showed, on the
average, more loss of hearing seusitivity for the audi-
ometric fest tones at 3 ke, 4 ke, and 3 ke than did a non-
exposed control population.  For the audiometrie fre-
quencies 500 ¢ps, 1 ke, and 2 ke, the differences behween
the exposed and control groups were smetller.  Further,
the hearing levels for the speech frequencies indicate,
on the average, no impairment for hearing everyday
speech in either group. The goual set for the hearing to
he protected will determine whether or not this exposure
to noise is considered to be hazardous,

In his discussion of methods of deseribing noise
exposure. Eldredge states:

The most important point to emphasize is that noise
exposure includes the dimension of duration as well as
the more usual acoustic dimensions. Ears have heen
exposed, in psychophysical experiments, to noise levels
that are known to be harzardous when the exposures are
repeated daily for years. Temporary, rather than per-
manent, changes in sensitivity of hearing are the rule
for these experiments. Apparently. exposures of short
durations at these levels will not produce permanent
injuries. At the other extreme, field studies (American
Standards Association, 1954 : Wehster.and Solomon, 1935)
show clearly a direct relation between years of exposure
to noise and loss of hearing.

Duration as a single dimension can be very difficult
to measure and to express in simple numbers. Noise

ew
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may be regular and continuous throughout a working
day. Or. more commonly, the noise level of the exposure
may Huctuate greatly throughout the working day.

With regard to methods for evaluating hearing
impairment, he writes:

Strictly speaking. there is nuv way to describe or to
measure injury to the living inner ear in the same sense
that we c¢an measure the length of a cut on the face,
X-ray the fracti. ¢ of a bone in a leg. or count the fingers
remaining on u hand. The sensory cells of the inner
ear are deeply embedded in the bone of the skull and are
inaceessible except for post mortem examination. Ac-
cordingly, we must iafer injury from impairment as meas-
ured by comparing the hearing ability of an injured ear
to that of a “normal” ear.

Measurements of impaired hearing can be no better
than., and are limited by. the measurements that can be
mide of the ubility of the normal ear to hear. The best
standardized and most commonly used weasure is that of
sensitivity, the threshold of hearing for pure tones
Fortunately, this measure relates reasonably well on the
averiage to other measures of hearing. The meaxure has
the further advantage that some impairment of thres-
hold sensitivity, which is not in itself an important part
of the ability to hear in daily life. usually appears be-
fore more severe impairment which may be a handicap
to the individual in carrying out the affairs of his daily
iife.

In a subsequent section on the velations of noise
exposure 1o hearing impairment, he comments:

Many observers agree that permanent threshold shifts
are often ohserved after prolonged oceupational exposures
to higher noise levels, while the same threshold shifts
are rarely observed following exposures to lower levels.
Similarly. short exposures to very high levels (Kopra,
1957 Ward. 1957) seldom lead to large permanent thres-
hold shifts. . .. In man. temporary threshold shifts
have heen nsxed to compare the severities of different
exposires to noise, and lawful relations have been estab-
lished between different parameters of exposure and tem-
porary changes in hearing (Spieth and Trittipoe (1958a,
195%b ;. Wuard, Glorig, and Sklar. 1938, 1939a, 19i9b).
These tetporary threshold shifts are measured with an
andiometer in the same way as the permanent threshold
shifts. But, asx the name implies, the threshold returns
to normsl preexposure usually within 48 hours,  The
relation between temporary and permanent threshold
shifts ix not known, but it is usually assumed that an
exposure to noise that will not produce a temporary
threshold shift also will not produce a permanent thres-
hold shift.
relation between the sensation of loudness of the noise
amd the production of threshold shift (Hardy, 1952).
Others « Kryter, 19300 have assumed, with some justifica-
tion, a fundamental relation between the sound energy
in @ ecritical band and the likelihood of hearing impair-
ment.

Some observers have asswned a significant

Proposed Criteria
Kryter

In his discussion, Eldredge reviews in chrono-
logical order various eriterin which have been
suggested, and points out the contribution made
by each toward the eventual realization of suitable
standards.  He begins with a proposal made in
1950 by Kryter (/0) that hearing loss probably
could not he attributed to noise exposure if the
sound pressure levels of the noise did not exceed
8 db in any critical band* of frequencies.
Eldredge concludes his discussion of this proposal
by stating: “Kryter's principal contribution was
to recognize a need to consider the component fre-
quencies and their band-width relations in evalu-
ating the hazard of a given exposure to noise.
Nearly all subsequefit criteria reflect these ideas.™

Hardy

Eldredge next reviews a criterion published by
Haredy (77) in 1952 based on the loudness of
noise in sones, Hardy concluded :

. . . the spectrum level which exceeds 100 sones per octave
band is very probably damaging for long time daily
exposure,  For occasional exposure. spectrum levels of
perhaps 200 sones or more are probably safe. All evidence
indicates that when no octave band level exceeds 60
sones, there is very little likelihood that hearing damage
will occeur, even when the daily exposure persists over
many years.

In his evaluation, Eldredge concludes that
ITardy’s principal contribution was the concept of
a hazardous “zone™ of noise levels instead of a
single level.  Within this zone, the hazard in-
creases from a very slight to an almost certain
hazard.

Rosenblith and Stevens

Eldredge then proceeds to a well-known crite-
rion introduced by Parrack about a year after the
Kryter monograph and elaborated upon by Rosen-
blith and Stevens (72) in 1953. With regard to
their eriteria, Eldredge stutes:

Rosenblith and Stevens considered the necessary deci-

sions described in the body of the present report more
carefully than had their predecessors. The goal se. for

*“Aural Critieal Band™ is defined in American Standard
Acoustieal Terminology (ASA S1.1-1860) as “that frequency
band of sound, being a portion of a continuons-gpectrum noixe
covering a wide band. that contains sonad power equal to that
of a simple (pure) tone centered in the critical band and just
audible in the presence of the wideband noise.™




14 Noise and Hearing

the criterion was that 1he hearing threshold levels, as
nmieasured with pure tones in a noise-exposed populition,
should not differ signiticantly from those of a matched
control population.  The concepts of monitoring audio-
metry were not vet fully developed when this criterion
was written. and most experts were still striving for
complete protection of hearing. Roxenblith and Stevens
recognized that it would be difficult to know when com-
plete protection had been achieved. The threshold shifts
associated with normal aging [presbycusis] are not
always distinguishable from the threshold shifts produced
by noixe exposure.  Furthermore, among normal persons
not exposed to noisxe, preshycusis varies greatly, and
the threshold shifts from age and other causes can be
48 great as severe noise-induced threshold shifts. It isx
important to note that these variations are xo large
that complete protection of hearing can ouly he specitied
statistically.  These decisions of “no statistieal differ-
ence” and “thresholds for pure tones™ were more than
goals in this criterion. They were also proposed as a
scientific method for testing the tentative eriterion under
field conditions.

The authors decided further that the noise levels should
he measured in octave hands and used directly, as long
a5 the spectrum of the noise was relatively continuous,
but should be converted to the equivalent of eritical bands
for special cases. A few other assumptions and decisions
are apparent in the qualifications stated for the criteria.
These qnalifications have alreads heen quoted many
times, hut are repeated here hecause they are considered
an essential eomplement to the numbers included in table
I*

1. These contours are not to be taken too literally since
deviations of the order of 1 or 2 db in either direction
vonld probubls be disregarded. Contours such as fhese
should be interpreted as zones with some uncertainty
artending the measurement of the exposure stimnlus, and
biological  variability maodifying the probability  of
damage.  We feel. however. that contours 10 db lower
wenld involve negligible prisks indeed. while contonurs 10
dbs higher would result in sig. ficant increases in hear-
ing loss.

2. The levels are considered to be safe in terms of
exposures dnring working days for durations up to a
lifetime.

3. The criterion levels apply to exposure to noise that
hus a reasonably  coutinuous time character with no
snbstantial sharp energy penks.

t. For wide-band noixe, the curve designated “octave
bands"” should be nyeed, For pire tones or for noise in
which the major portion of the energy is concentrated in
A band narrower than the critical band. the curve desig-
nated eritieal bands” should be used. In the Intter cage,
the abxeissa shonld he interpreted as a logarithmie fre-
quency seale rvather than a seale of octave hands of
frequeney.

5. The eriterion should he considered as tentative only,
and in <ubject to further revision as new lahoratory and
field data are reported.

*A portion of the table referred to is presented io table 32.

The most important contribution of Rosenblith and
Stevens was their stiutement of the statistical nature of
the relation hetween noise exposure and threshold shift.
They also introduced more clearly the concept of specifie
goals for criteria,

Air Force Regulation 160-3

Anothier of the criteria reviewed by Eldredge is
Air Foree Regulation (AFR)Y 160-8, “Frazardous
Noise Exposure” (USAF., 1956) (1.3). He points
out that this regulation is an example of specifie
decisions made in a practical context. the key
decision being to institute a hearing conservation
program that included monitoring andiometry.,
This decision and others became integral parts of
the criterion.  The established woal was preserva-
tion of hearing threshold levels of 15 db or hetter
for pure tone at the test frequencies of 500 eps,
LO0O0 eps, and 2000 ¢ps. - From available informa-
tion it was determined ti,. except on rare ocea-
sions there would be negligille hazard if the
criteria were not exceeded in any one of the four
octave bands between 300 eps and 1,800 eps. The
regulation states that ear protection is recom-
mended when the band pressure level exceeds 853
db in any one of the four octave bands, and that
such protection is mandatory when any one of the
hand levels exceeds 95 db.  These limits were for
continuons daily exposuves of & hours. For
shorter periods of exposure, the assumption was
made that exposures to equal amounts of aconstic
energy are equally injurious.  Sinee, in the decibel
seale, a doubling of the energy results in an in-
crease of 3 db, the allowable sonnd pressure level
ean be increased by 3 db if the length of exposure
is ent in half. Eldredge writes that studies of
‘arious investigators suggest that short exposures
to even higher sound prescure levels can nsuallv
be tolerated without injury and that the equal
energy assumption may thus err on the side of
over protection.  An advantage of the equal-
energy rule is the elimination of many common,
brief. but harmless exposures to noise from the
hazardous class and reduction of the task of the
hearing conservation program. AFR 160-3 re.
tains the more important features of the Rosen-
blith and Stevens criterion to specify the operation
of monitoring audiometry and to use a definite
rule for the variable durations of many noise
exposures.

-
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Subcommittee on Noise

In this report we shall refer to only one other
criterion reviewed by Eldredge, the criterion con-
tained in the “Guide for Conservation of Hearing
in Noise™ (1957) (14) issned by the Subcommittee
on Noise of the Committee on Consevvation of
Hearing, American Academy of Ophthalmology
and Otolaryngology. In reviewing that publica-
tion, Eldredge states:

The subcommittee’s statement on criteria demonstrates
fairly clearly a decision about criteria that i~ always
made, but is not often stated explicitly. The available
data point to a danger zone, rather than a danger limit,
for noise exposure. We can ask “What is a hazardous
exposure?” or we can ask “What is a safe exposure?”

The relations hetween the answers to these questions
are demonstrated by the qualifying statements of Rosen-
blith and Stevens with respect to their own eriterion:
“We feel, however. that contours 10 db lower would
involve negligible risks indeed. while contours 10 db
hivher would rexult in significant increases in hearing
o™ X eriterion for noise exposure can be selected
either because it isx clearly hazardous. or because it is
clearly safe. or becanse it is somewhere in between. The
decision ix not trivial, because design goals for control of
noixe are often =et by the criterion chosen. Reduction of
noise by an additional 10 decibels may eaxily double or
tripie the cost of noise control,

The name of the parent committee ix the Committee on
Conservation of Heuaring, The subcommittee sharex the
implied oal. and accordingly chose to write a limited
criterion that emphasized safety rather than accepted
any risk of danger.  Their statement reads: “Jf the sound
energy of the noise ix distributed more or less evenly
throughout the eight octave bands, and if a person is to
be exposed to this noise regula~ly for many hours a day,
Sodays a week for many years, then: if the noise level

in either the 300-6G00-cycle band or the 600-1200-cycle
band is 85 db, the initiation of noise-exposure control and
tests of hearing is advisable, The more the octave band
levels exveed 85 db the more urgent is the need for heur-
ing conservation.”

Short. exposures and exposures to impact hoise or
narrow-band noises were specifically excluded from this
criterion,

Comparisons With Data

Table 32 presents specific figures for proposed
criteria. - Let us now review the findings from onr
studies and see how they relate to these criteria.

Atlanta

Continuous spectrum. noise—The most severe
noise exposure at Atlanta occurs in weaving,
where all the median octave band levels are over
85 db, with 90 db or more in six of the eight
octaves. The peak value is 96 db at 600-1,200 cps
and at 1,200-2400 cps. - On a loudness basis these
are 52 and 58 sones, respectively. However, the
octave band with the maximum loudness is 2,400-
4800 eps, where 92 db contribute 63 sones.

Noise in this department would probably be
classified as potentially hazardous, regardless of
the criteria employed. The use of ear protection
would be mandatory under the Air Force regu-
lation.

From the data in table 18 and the temporary
threshold shift studies, there is substantial evi-
dence that this noise actually produces hearing
loss, and that the amount increases as the duration
of exposure increases. Our hearing data thus

TAaBLE 32, Neleeted proposed noise level limits, in db, for repeated, long erposures

Sound pressure level in octave band equivalents

Authority ,,_ .

Rosenblith und Stevens:
Continuous speetri nojse . . . 1y )
Narrow teund noise b . . ’ . ;

Ajr Foree Revualation 0-3: 2 | :
Contimions speetrum noise . [
Narrow humd tnoise |

Subeommitter o Noise, contimions spectrum noise ' i

Hardy ’ |
M) sones oetave to 100 sones‘oetave ? ; ;
MEsones netave to 1) sones‘octave 4. 1

C ety e hand level equivalents were published o this form with the note
that the frequency seale shonld he interpreted as a logarithmie frequency
seale, rather than a seale of octave bands of frequency.,

2 Ear protection mandstory st these levels, Protection recommended at
W db below these Jevels

04-115 . 100-112
105-816 [ Ho-Ttt

B e i e e L e e

150-300 300-600 600-1,200 | 1,200-2,400 | 2,400-4,800 | 4,R00-9,600
97 95 95 95 95 95
XK K5 84 83 82 x1
' w5 un 95 95
! RS 5 85 85
| RS %5 .
97-108 Q5-106 92-114 R7-95 R5-4Y 95-1412
G7-108 95106 45 -106 Y3-104 | KK-4Y C K546
i

3 Octave band level equivalents assumed to have Feen ysed hy Hardy,

¢ Octave band level equivalents computed by Stevens' method ' The Cal-
culation of The Loudness of Complex Noise,” Journal of the Acoustieal
Society of America, vol. 2%, 1956, “T'his is the method used thronghont this
report.

R ™
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confirm all of the criteria for a noise exposure of high frequency shift of the combined departments
this magnitude. may be permanent. Since the total shift in the
The other operations at Atlanta do not present  spin department was relatively slight (table 16),
such high noise levels. The highest median it can be assumed that the permanent elevation
octave band level in the twist department is 89 db of hearing level for twist department workers ® *
at 300-600 cps.  All six octaves below 2.400 cps may be somewhat greater than shown in figure
have levels of 85 db or more. The greatest loud- 20. If this assumption is correct, the twist de-
ness. however, is at 2,400-4,800 cps, where 83 db partment findings tend to support the eriteria
correspond to 33 sones. of the Subcommittee on Noise, with the spin de-
Table 17 indicates moderate shifts in hearing partment findings less conclusive, but not con-
levels for periods up to 24 months of employment  tradictory. )
in the twist department. Smaller increases are Narroiw band noise—The Rosenblith-Stevens
found for exposures in the spin department (ta- and Air Force criteria include more stringent. re-
ble 16), where slightly lower noise levels prevail. quirements for narrow band noise. The presence
the median values averaging approximately 1 db of such noise is not always easily determined.
less than in the twist department. The three In the following discussion we shall use the defini-
octave bands between 150 cps and 1,200 cps ex- tion employed in Air Force Regulation 160-3. o L |
ceed 83 db in the spin department, thus producing This states:
a noise environment where hearing conservation 16.g. Limits for pure tone or narrow band components :
measures are advisable, according to the Subcom- (1) Identifying “pure tone” components.—The limits
mittee on Noise recommendations and the Air on noise exposure in the preceding paragraphs apply only
Force regulation. The levels in this area, how-  to broad band type noise, where the noise energy is dis-
ever. do not reach the hazardous zone as defined tributed rather uniformly in all octave frequency bands. L
N .. e However. the noise energy in such noises as the com-
by Hardy's 50-sone limit. These conditions are o o0 whine of a jet engine at “idle” is concentrated
also true of the twist department. Likewise, the in one or more frequency components, called pure tone
median octave band pressure levels do not reach or narrow band components. These components may be
the Raosenblith and Stevens eriteria for continuous in one octave band or they may spread through several
spectrum noise. As discussed further on, however, octave bands. A “‘f‘:se of this ftype sounds rather like
s . X i . ) a musical note or a “pure tone.” in contrast to the roar- @
their eriteria for narrow band noise may be ex- ing sound of a broad band noise. The sound pressure level
ceeded on oceasion. of the octave band with the pure tone component will
While hearing data on workers from the spin usualiy be 3 db or more higher than the levels of the
and twist departments are included in the investi- other adjacent bands. If the pure tone components are
eations we made on temporary threshold shift, an octave apart, the sound pressure levels in two or three
the small number of men available made it neces- adjacent pure tone octave baxfds will not differ more than
o i . ) 1 or 2 db; however, they will usually be 3 db or more ® #
sary to combine the findings from these groups. higher than the levels of the other adjacent bands. In
Thus. although the data show a greater apparent many cases. the octaves containing the pure tone can be
shift among the twist department men, we do not identified simply by listening to the sound and examining
know how much temporary threshold shift they data on the octave band sound pressure level.
had or how it compares with the men from the The regulation then gives the following ex-
spin area. Figure 20 indicates that some of the amples: ° ‘
SRample of noise level in different netave bands containing a pure tone
Noise | 300-600 eps 600-1,200 cps 1,200-2,400 cps 2,400-4,800 cps j
! o twman. o lzane o busane o nah, “
2 . Stdb.. . ... lerdb... ... ... |®db....... ... .. |sdn" ‘
I ° (
tny For noise No. [, the sound pressure level of the 600-1,200-cps octave differs by only 1 db from the sound pressaure level of 83 db in the 1,200-2,400-
hand 1122 dby is more than 3 db greater than the sound pressure tevels in the eps oetave hand.  However, both ure more than 3 db greater than the sound
two adjacent octave bands,  This identifies the 600-1,200-cps band uas the pressure levels of the adjacent bands. This means there are pure tone
one cantaining the ptire tone component components in hoth of the 600-1,200-cps and 1,200-2,400-cps hands.
A+ For noise Na. 2, the sound pressure level of 92 db in the 600-1,200 eps
@ (
® ° Y : ° ® (
R '_ o et . o -
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While there is some question whether our
median levels for octave bands in the Atlanta
data would be considered to contain pure tone or
narrow band noise in accordance with these defini-

47

tions, many of the individual analyses in the
weave, twist, and spin departments definitely
qualify. The following are samples with the
narrow bands indicated by /talics:

Operation 20-75 75-150 150-300 | 300600 | 600-1,200 | 1,200-2,400 | 2,400-4,800 | 4,800-9,600
W BV o i reeaaan 85 85 91 98 101 98 92 86
86 86 92.5 97 108 100.6 97.5 92
T WISt - — e oo i eieeem et meemaaaann 86 85 2 95 9% 9 85 80. 5
83 82 90 93 81 82 83 74
SPilieeccceacne e amccceammmmmmma e am e 78 83 89 9 86 85 84 84
82 85 8¢ 94 92 86 80 76. 5

If these are narrow band noises, then all of them
would be classed hazardous under the Rosenblith-
Stevens criteria, and hearing protection would be
mandatory under the Air Force Regulation 160-3.
While the Rosenblith-Stevens criteria are aimed at
protection for “a working lifetime™ and our data
cover only + years, the relatively small shifts of
hearing levels in the spin department, particularly
in the speech frequencies, indicate that the narrow
band provisions may be considerably more con-
servative than those for continuous spectrum
noise.

Terre Haute

Continnous xpectrum noise—The weaving and
warping operations at Terre Haute provide the
most intense noise exposure. Median octave band
pressure levels are at least 87 db for the four oc-
taves between 300 cps and 4800 cps, the peak
being 90 db at 1,200-2,400 cps. None of the loud-
ness values reaches Hardy’s lower limit of 50
sones, the maximum being 45 sones at 2,400—-4,800
Cps.

As previously discussed, the audiometric data
on workers in this department indicate a consider-
able shift in hearing level. This substantiates the
recommendlations of the Subcommittee on Noise
and AFR 160-3 that hearing conservation meas-
ures be employed in such an environment. The
noise levels, however, are below the Rosenblith-
Stevens criteria for continuous spectrum noise.*

One vear of exposure in the dyeing and pick-
ing department, as seen in table 22, brought slight
increases in hearing levels in the high frequencies.
The peak median octave band pressure level here
is 89 db at 150-300 cps, with the 20-75 cps and

*Except for 1 analysis out of 17 made.

75-150 cps bands having 85 db. There is a sharp
decrease beyond 300 cps. The median band pres-
sure levels are all below the various criteria for
continuous spectrum noise. However, individual
analyses gave readings of 97 and 98 db at 150-300
cps. According to most of the individual analy-
ses, as well as the median for all of them in this
department, the noise is a narrow band type with
the peak at 150-300 cps. The card, spin, and
finishing operations have still lower noise levels,
with every octave band pressure level below 85
db, and thus below any of the proposed criteria.
The negligible increases in hearing levels observed
in men with up to 24 month’s exposure are not in
conflict with these criteria.

Narrow band noise.—As stated above, the dye-
ing and picking department has a narrow band
noise environment. This peak occurs between 150
cps and 300 cps, a band not included in either the
AFR 160-3 or the Subcommittee on Noise criteria.
While some individual values were over 95 db, the
median for this band was 89 db, just past the 88-
db value proposed by Rosenblith and Stevens for
narrow band noise in this octave. The hearing
data, table 21, are not sufficient as a basis for any
strong conclusions concerning the narrow band
eriteria in this range of frequencies.

Some of the individual sound analyses made in
the weaving and warping department indicate
narrow band noise, particularly in the 1,200-2,400-
eps octave, If, as implied in AFR 160-3, three
contiguous bands having adjacent bands at each
end 3 db lower are classified as narrow band noise,
then most of the analyses made in this department
would be considered as such. The three octaves
included would be between 300 e¢ps and 2,400 cps,
or, more frequently, between 600 cps and 4,800

g
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eps. In this department the criteria for narrow
band noise are exceeded, but the continuous spec-
trum noise criteria are not.

Leavenworth

Continnous spectrum noise—Only small, grad-
nal increases in high frequency hearing levels were
obtained for workers performing most of the shoe
factory operations. The highest median octave
band Tevel in this plant was 86 db, found in the
welting and sole leather departments at 600-1,200
eps and in the treeing and packing department at
300-600 eps. The only 83-db value was at 300~
B0 ¢ps in welting. The octave band levels are
all well below the continuous spectrum noise levels
of the Rosenblith-Stevens criteria. The highest
londness value, 36 sones at 2.400-4,800 cps in the
sole leather department, is also below the Hardy
eriteria.

Table 27 shows a moderate, steady increase in
hearing levels of workers exposed to brush fac-
tory noise. Data from all departments were com-
bined in this table. The noise spectra are similar
in most operations, being rather evenly distributed
in the lower frequencies, with a steady decrease
above 1,200 ¢ps. Very few machines or processes
produce narrow band roise patterns, but in the
wire drawn department these are common, with
most peaks between 130 and 600 cps.

Al median values for octave band levels in this
plant are low, the maximum being 83 db at 600-
1.200 ¢ps in the staple set department. Two indi-
vidual analyses out of 53 in this plant gave octave
band readings over 100 db at 300-600 cps.  Only
one other analysis produced even a total sound
pressure level over 99 db.

The hearing level shifts found in this plant are
somewhat surprising, since the sound pressure
levels are well below any of the criteria, even for
hearing conservation, and sinee mueh of *' a sound
w band
notse was found, the octave band levels were gen-
erally below 55 db.

The noize in Mills 1 and 2 in the furniture fac-
tory is alnost entirely of the narrow band variety,
produced primarily by planers and saws.  Most
individual analyses in Mill 1 and many in Mill 2
exceerdled the Rosenblith-Stevens criteria for con-
tinuons spectrum noise and virtually all of them
oxceeded their narrow band noise criteria. While

energy is below 300 eps. Even where na

the median octave band level exceeds the Hardy
H0-sone criterion only in the 2,400-4,800-cps octave
in Mill 1, many individual analyses show band
loudness valnes over 50 sones. The hearing levels
reported in table 28 confirm the hazardous envi-
ronment of these operations as predicted by all
of the criteria under consideration.

Because of small number of men involved and
the variety and intermittency of their noise ex-
posures, no conclusions concerning validity of
eriteria will be attempted for the data in table 29.

With regard to continuous spectrum noise, the
printing plant noise data are substantially below
the Rosenblith-Stevens criteria.  The levels, par-
ticularly in the press department, are at the point
where the Subcommittee on Noise and AFR 160-3
recommended starting hearing conservation meas-
ures. The median values in this department in-
clude 86 db at 150-300 eps and 85 db at 300-600
cps. The hearing data in table 30 show very little
shift in hearing levels with exposure.

The noise levels in the clothing factory are far
below any of the suggested criteria. As implied
previously, we doubt that this noise had any con-
nection with the hearing data shown in table 31.

Nuarrow band noise—Much of the shoe factory
noise meets the A\FR 160-3 definition for narrow
band noise, particularly in welting and sole leather
departments, where median octave band values of
36 (b exceed the Rosenblith-Stevens criteria at
600-1,200 eps.  Qver half of the individual octave
band analyses in these departments are in excess
of their narrow band noise eriteria, primarily in
the 300-600-¢ps and 600-1,200-cps octaves, but also
including some up to 4800 cps. Many similar
results are found for the making and bottoming
departments. QOectave band values go up to 99
db, with many over 90 db.

The hearing data in tables 24, 25, and 26, how-
ever, do not indieate the development of sub-
stantial changes in hearing level. The degree of
hazard thus appears to be exaggerated by appli-
cation of such narrow band critevia.

As previously stated, the wire drawn depart-
ment of the brush factory has a number of opera-
tions producing noise classified as narrow band.
The octave band levels of most of these operations
do not exceed the Rosenblith-Stevens eriteria, but
occasional values as high as 101 and 102 db ave
found. These do not occur throughout the work
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shift. It is possible, however, that these noises,
produced principally by brush trimmer and twist-
in-wire machines, contribute to the hearing level
shifts found in this factory.

The plarer, molder, and saw noises in the fur-
niture factory are definitely classifiable as pure
toue or narrow band noises. Many octave band
levels over 100 db are found, the maximum re-
corded being 112 db at 300-600 cps. There is no

508977 0—61--- -5
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question about the hearing loss hazard in this
environment.

Occasional narrow band noise levels which ex-
ceed the suggested criteria are found in various
frequency bands in the printing plant, but these
are not continuous, and on a time-weighted basis
would probably be acceptable under AFR 160-3.
The highest value recorded was 91 db at 150-300
Cps.

e
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Shift in Hearing Level

From tables 16-18 and 21-30, we are able to
obtain 12 groups of workers with 24 months of
employment in various factories at Atlanta, Terre
Haute, and Leavenworth. For each of these
groups we have taken the sum of their median
hearing levels at 3,000, 4,000, and 6,000 cps and
subtracted from this total the sum of the median
hearing levels of these same frequencies of the pre-
employment tests of men assigned to these depart-
ments. In other words, we have computed the
difference between the levels o1 men with 0 month’s
and the men with 24 months’ employment. In this
disenssion we shall call this difference “shift m
hearing level.”

These shifts have been listed in ascending order
in table 33. It will be noted that they range from
aminimum of 2.5 db for printing plant employees
at Leavenworth to 79 db for mill employees in the
fueniture factory at the same institution. It is
also apparent that eight of the groups have com-
paratively small shifts, while the other four have
much larger ones.  The eighth group in the list,

4
=L

woolen mill card and spin workers, has a shift of
only 15 db, while the ninth group, cotton mill
twist department employees, shows a 43-db shift.

This sharp difference in shifts of high frequency
hearing levels probably indicates a meaningful
difference in the effects of the respective noise
environments. It is appropriate, therefore, to look
for possible correlations with proposed hearing
criteria (table 33).

Continuous Spectrum Noise

One column of table 33 gives the number of
octave band analyses made of the noise in each
location, the total being 364. Under the heading
“Continuous spectrum” are tabulated the number
and percent of analyses in which any of the octave
band criteria, as suggested by Rosenblith and
Stevens, have been exceeded. It will be observed
that in less than 10 percent of the cases were the
criteria exceeded, except in the two departments
where the greatest shifts in hearing level ocenrred.

A total shift, after 24 months' exposure, of 15
db for the sum of the three highest test frequencies

TawrLe 33. Relationships of Roxenblith and Stevens continuous gpectrum noise and narrow band noise' criteria to
order of hearing level shifts after 24 months' exposure to noise, by department
Analyses cxceeding criteria
Shift in { Numbet of
Factory and departments rieariln’g analyses | Continuous spectrum Narrow band
e Ve,

Number Percent Number Percent

Printing, all.. . e meaeaa e e 2.5 19 0 0 5 26

Shoe, lasting and cutting 7.5 34 0 0 5 15
Shoe, AN, ..o .o 8.0 16 0 0 2 12.5

Shoe, making, ete._. 9.5 53 1 2 31 58

Brush, all. .. 12.0 53 3 6 8 15

Cotton mill, spin - 12.5 38 3 8 16 42

Furniture, miscellaneous. .. 12.5 12 0 0 1 8

Woolen mill, card and spin 15.0 10 0 0 0 0

Cotton mill, twist _ .. .___ 43.0 14 1 7 7 50

Woolen mill, weave. 47.0 17 1 6 14 82

Cotton mill, weave 710 18 13 72 7 39

Furniture, mills . 79.0 i) 18 30 49 82
Total . .. e e e e 364 41 1.3 150 41.2

' Employing A F R 160-3 definition for narrow band noise, but not including any involving the 20-75-cps band.
2 2um of median shifts at 3,000, 4,000, and 6,000 cps.
50
° ° ) °




Criteria: Discussion and Conclusions 51

does not seem indicative of a serious noise hazard,
particularly if some of this change may consist of
temporary threshold shift. Nevertheless, inangu-
raition of a hearing conservation program to pre-
vent appreciable additional decline in hearing
acuity is certainly appropriate in such situations.

While some of our data on groups of men with
exposures of 4 or 5 years show shifts in hearing
levels greater than after only 2 years, it appears
that the rate of additional change is likely to be
slow in moderate noise environments. This is in
avcord with such findings as reported by Rosen-
winkel and Stewart (75).

In our opinion, the data in table 33 provide
considerable support for the continuous spectrum
noise criteria proposed by Rosenblith and Stevens,
The low percentage of sound analyses exceeding
their criteria in the first eight departments listed
indicates that their suggested band levels are not
too low. Similarly the substantial percentages of
analyses exceeding their criteria in the two de-
partments listed last in table 33 show that their
recommended figures are not excessively high.
The t wo departments in bet ween, that is, the cotton
mill twist and woolen mill weave, present data
which are probably less definitive. While the
shifts in hearing levels are considerably less than
those in the two departments below them, they are
of sufficient magnitude that we would have ex-
pected the noise criteria to be exceeded somewhat
more frequently.

Narrow Band Noise

Examination of the figures in table 33 under
“Narrow band” does not reveal signs of consis-
tency that were noted for continuous spectrum
noise. The percentage of analyses exceeding the
criteria fluctuates widely as one proceeds down
the colump. Significantly, reliance on the data
from such areas as the cotton mill spin or miscel-
laneous shoe departments wounld result in judging
these to be much more hazardous than our hearing
data indicate.

It is again emphasized that the definition em-
ploved here for narrow band noise is not a part
of the Rosenblith-Stevens criteria, and we are
quite contident that when they developed their
proposals they did not intend for such an applica-
tion to he made.

The Air Force Regulation 160-3, however,

which attempts to retain the principal features of
the Rosenblith-Stevens recommendations, does em-
ploy this definition. It is understandable why this
was done since it would be very difficult, if indeed
not impracticable, to routinely evaluate on-the-job
noise situations in greater detail than is attainable
with an octave band analysis. For Air Force
purposes, Regulation 160-3 may be entirely prac-
ticable and desirable, and we do not suggest that
they revise it because of the findings presented in
this report,

The discussion here is primarily for the guid-
ance of other agencies or organizations contem-
plating the establishment of standards. Since
AFR 160-3 is probably the only specific regulation
of a detailed nature in force at this time, it is
only natural to expect many groups planning re-
gulations or standards to examine it, and possibly,
since little else is available, to copy its criteria,
or, alternatively, the Rosenblith-Stevens criteria,
on the assumption that they are essentially the
same.

It is our impression that many individuals in-
terested in industrial noise problems concentrate
their attention on criteria for continuous spectrum
noise, thinking that those for pure tones or criti-
cal bands would be applicable only in occasional,
exceptional situations. Whether or not this is
correct depends upon the definition of such nar-
row band noise. At this time AFR 160-3 presents
the only clear-cut procedure for identifying such
noise with the generally available equipment and
techniques,

Of our 364 octave band analyses in table 33,
150, or 41.2 percent, exceeded the narrow band
criteria by the AFR 160-3 definition, This per-
centage is not unduly high. An examination of
the noise analyses made by Karplus and Bonvallet
(16) in about 600 locations of 40 plants of widely
different. manufacturing industries shows at. least.
as high a proportion of “narrow band noise™
situations,

Conclusions

From the foregoing discussion. we offer in sum-
mary the following conclusions:

1. Our data support, in most instances, the con-
tinuons spectrum noise criteria proposed by Ros-
enblith and Stevens.

2. Using the Air Force Regulation 160-3 defini-
tion for narrow band noise components, our data

-
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do not substantiate the theory that more stringent
criteria are required where such noise is present.
Further investigations are needed concerning the
validity of this theory.

3. Using the AFR 160-3 definition, narrow band
noise will be found in about half of the common
industrial environments.

4. Development of a practical, acceptable defi-
nition for narrow band noise and a field method
to determine such noise in industry is needed, par-
ticularly if special eriteria are to apply to such
noise.

5. Our data support the recommendations of
the Subconimittee on Noise in Industry and AFR
160-3 on the desirability of istituting hearing
conservation measures where the work environ-

ment includes regular, prolonged exposure to
steady-state continuous spectrum noise reaching
octave band levels of 85 db.

6. Our da’  indicate that the lower limit of 50
sones per octuve band, suggested by Hardy, does
not. always provide sufficient. protection,

7. If a steady-state type of noise exposure is
severe enough to produce eventually a marked ad-
verse effect on hearing in the speech range, a defi-
nite elevation, or deterioration, of the hearing
leve]l in the test frequencies of 3,000, 4,000, and
6,000 cps will usually appear within a few months
after the exposure begins.

8. With increased duration of the exposure, less
of such elevation of hearing level will disappear
after the noise exposure is discontinued.

Graphical Representations of Noise Environments Studied
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Glossary of Terms*

.Lir Conduetion.  Air conduction is the process
by which sound is condncted to the inner ear
throngh the air in the outer ear canal as part of
the pathway.

Admbient Noixe. Ambient noise is the all-
encompassing noise associated with a given en-
vironment, being usually a composite of sounds
from many sources near and far.

Audiogram — (Threshold  Awdiogram). An
audiogram is a graph showing hearing loss as a
function of frequency.

Awudiometer. An audiometer is an instrument
for measuring hearing sensitivity.

Lural ¢'pitical Band. The aural critical band
is that frequency band of sound, being a portion
of a continuous-spectrum noise covering a wide
band, that contains sound power equal to that of
a simple (pure) tone centered in the critical band
and just audible in the presence of the wide-band
notse.

NoTte 1: By "just audible” is meant audible in a speci-
fied fraction of the trials.

Neore 2: The use of the aural critical band to estimate
masking should be limited to masking by noises having
continuous spectra without excessive slopes or irregulari-
ties and to cases where masking exceeds 15 db.

NoteE 3: In order to be just audible in a wide-band
continuous noise, the level of a simple tone in decibels
must exceed the spectrum level of the continuous noise
tat the same frequency) by 10 times the logarithm to
the baxe 10 of the ratio of the critical bandwidth to unit
handwidth,

Bund Pressuve Lerel. The band pressure level
of a sound for a specitied frequency band is the
sound pressure level for the sound contained
within the restricted band. The reference pres-
sure must he specified.

NoTE: The band may be specified by its lower and
upper «¢utoff frequencies, or by its geometric center fre-
quency and bandwidth. The width of the band may be
indicated by a prefatory moditier: e.g. octave band
txound pressure) level. half-octave band level, third-
octave band level, 30-¢ps band level.

*The definitions given here are quoted from American Stand-
ard Acoustical Terminology 81.1-1960.

Bel. The bel is a unit of level when the base
of the logarithm is 10.  Use of the bel is restricted
to levels of quantities proportional to power.

Continuous Spectrum. A continuous spectrum
is the spectrum of a wave the components of which
are continuously distributed over a frequency
region.

Cycle. A cycle is the complete sequence of
-alues of a periodic quantity that occur during
a period.

Decibel. The decibel is one-tenth of a bel.
Thus, the decibel is a unit of level when the base of
the logarithm is the 10th root of 10, and the
quantities concerned are proportional to power.

NwiE 1: Examples of quantities that qualify are power
fany form), sound pressure squared, particle velocity
squared. sound intensity, sound-energy density., voltage
squared. Thus the decibel is a unit of sound-pressure-
squared level; it is common practice, however, to shorten
this to sound pressure level because ordinarily no ambig-
uity rcsults from so doing.

NotE 2: The logarithm to the base the 10th root of
10 is the same as 10 times the logarithm to the base 10:
e.g.. for a number X° log,'/*X*=10 log »X*=20 log »X.
This last relationship is the one ordinarily used to sim-
plify the language in definitions of sound pressure level,
etc.

Effective Sound Pressure (Root-Mean-Square
Sound Pressure). The effective sound pressure
at a point is the root-mean-square value of the
instantaneous sound pressures, over a time inter-
val at the point under consideration. In the case
of periodic sound pressures, the interval must be
an integral number of periods or an interval that
is long compared to a period. In the case of non-
periodic sound pressures, the interval should be
long enough to make the value obtained essen-
tially independent of small changes in the length
of the interval.

NotE: The term ‘“effective sound pressure” is fre-

quently shortened to “sound pressure.”
Frequency. The frequency of a function peri-
odic in time is the reciprocal of the primitive
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period. The unit is the cycle per unit time and
must be specified.

NotE: In many European countries the cycle per sec-
ond is called the hertz (Hz).

Hearing Loss (Hearing Level) (Hearing-
Threshold Level). The hearing loss of an ear at
a specified frequency is the amount, in decibels, by
which the threshold of audibility for that ear ex-
ceeds a standard audiometric threshold.

NoTE 1: See American Standard Specification for Audi-
ometers for General Diagnostic Purposes. Z24.5-1951.
(See sec. 15.)

NoOTE 2: This concept was at one time called deafness:
such usage is now deprecated.

NotE 3: Hearing loss and deafness are both legitima‘»
qualitative terms for the medical condition of a moderate
or severe impairment of hearing. respectively. Hearing
level, however, should only be used to designate a quanti-
tative measure of the deviation of the hearing threshold
from 2 prescribed standard.

Loudness. Toudness is the intensive attribute
of an anditory sensation, in terms of which sounds
may he ordered on a scale extending from soft
to loud.

NoTe: Loudness depends primarily upon the sound
pressure of the stimulus, but it also depends upon the
frequency and wave form of the stimulus.

Noise. (1) Noise is any undesired sound. Ry
extension, noise is any unwanted disturbance
within a useful frequency band, such as undesired
electric waves in a transmission channel or device.
(2) Noise is an erratic, intermittent, or statisti-
cally random oscillation.

Nore 1: If ambiguity exists as to the nature of the
noise. a phrase such as “acoustic noise” or “electric
noise” should be used.

NotE 2: Since the above definitions are not mutually
exclusive, it is usually necessary to depend upon con-
text for the distinction.

Noise Level. (1) Noise level is the level of
noise, the type of which must be indicated by fur-
ther modifier or context.

Note: The physical quantity measured (e.g.. voltage),
the reference quantity, the instrument used. and the
bandwidth or other weighting charaeteristic must be
indicated.

{2) For airborne sound, unless specified to the
contrary, noise lovel is the weighted sound pres-
sitre level ralled sound level; the weighting must
be indicated.

Hearing

Octure. (1) An octave is the interval between
two sounds having a basic frequency ratio of two.

(2) Anoctave is the piteh interval between two
tones such that one tone may be regarded as dupli-
cating the basic musical import of the other tone
at the nearest possible higher pitch.

Nore 1: The interval. in octaves. between any two
frequencies, is the logarithm to the base 2 (or 3.322 times
the logarithm to the base 10) of the frequency ratio.

Nore 2: The frequency ratio corresponding to an octave
pitch interval is approximately, but not always exactly.
201

Peak Sound Pressure. The peak sound pres-
sure for any specified time interval is the maxi-
mum absolute value of the instantaneous sound
pressure in that interval,

NotE: In the case of a periodic wave, if the time inter-
val considered is a complete period. the peak sound
pressure becomes identical with the maximum sound
pressure.

Simple T'one (Pure Tone). (1) A simple tone
is a sound wave, the instantaneous sound pressure
of which is a simple sinusoidal function of the
time.

(2} A simple tone is sound sensation charac-
terized by its singleness of pitch.

Note: Whether or not a listener hears a tone as
simple or complex (see 13.3 below) is dependent upon
ability, experience, and listening attitude.

Sone. The sone is a unit of loudness. By defi-
nition, a simple tone of frequency 1,000 cycles per
second, 40 decibels above a listener's threshold,
produces a loudness of 1 sone. The loudness of
any sound that is judged by the listener to be n
times that of the 1-sone tone is n sones.

Nore 1: A millisone is equal to 0.001 sone.

Note 2: The loudness scale is a relation between loud-
ness and level above threshold (12.13) for a particular
listener. In presenting data relating loudness in sones
to sound pressure level, or in averaging the loudness
scales of several listeners, the thresholds (measured or
assumed) should be specified.

Sound Analyzer. A sound analyzer is a device
for measuring the band-pressure level or pressure-
spectrum level of a sound as a function of fre-
quency.

Sound Lerel. Sound level is a weighted sound
pressure level, obtained by the use of metering
characteristics and the weightings A, B, or C
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specified in American Standard Sound Level
Meters for Measurement of Noise and Other
Sounds, Z24.3-194+.  (See sec. 15.) The weight-
ing employed must always be stated. The refer-
ence pressure is 0.0002 microbar.

NoTE: A suitable method of stating the weighting is,
for example, *"The A-sound level was 43 db.”

Sound-Level Meter. A sound-level meter is an
instrument including a microphone, an amplifier,
an output meter, and frequency weighting net-
works for the measurement of noise and sound
levels in a specified manner.

Note: Specifications for sound-level meters are given
in American Standard Sound Level Meters for Measure-
ment of Noise and Other Sounds, Z24.3-1M4. (See sec.
15.)

Sound Pressure Level. The sound pressure
level, in decibels, of a sound is 20 times the loga-
rithm to the base 10 of the ratio of the pressure
of this sound to the reference pressure. The ref-
erence pressure shall be explicitly stated.

Not1e 1: The following reference pressures are in com-
mon use :

ta) 2X10"' microbar.
(b) 1 microbar.

Reference pressure (@) is in general use for measure
ments concerned with hearing and with sound in air and
liquids, while (b) has gained widespread acceptance for
calibration of transducers and various kinds of sound
measurements in liquids.

Nore 2: Unless otherwise explicitly stated, it is to be
understood that the sound pressure is the effective (rms)
sound pressure,

Note 3: It is to be noted that in many sound fields the
sound pressure ratios are not the square roots of the
corresponding power ratios.

Threshold of Audibility (Threshold of De-
tectability). The threshold of audibility for a
specified signal is the minimum effective sound
pressure level of the signal that is capable of evok-
ing an auditory sensation in a specified fraction
of the trials. The characteristics of the signal, the
manner in which it is presented to the listener, and
the point at which the sound pressure level is
measured must be specified.

NoTE 1: Unless otherwise indicated, the ambient noise
reaching the ears is assumed to be negligible.

Nore 2: The threshold is usually given as a sound
pressure level in decibels, relative to 0.0002 microbar.

NoteE 3: Instead of the method of constant stimuli,
which is implied by the phrase “a specified fraction of
the trials,” another psychophysical method (which should
be specified) may be employed.




Appendix

The first report of findings in this study appeared as an article in the American Industrial Hygiene

Association Journal, Volume 19, No. 4, August 1958.

Journal.

It is reproduced here with permission from the

Industrial Noise and Hearing Loss in a Controlled Popuilation—First Report of Findings*

CHARLES D). Yarre, HeErserT H. JoNES, and Epwarp S. WEiss, U.S. Department of Health, Education, and Welfare,
Pubdblic Health Service, Occupational Health Program, 1014 Broadicay, Cincinnati, Ohio

Four years ago at the Industrial Health Con-
ference, we presented a description of a study
which had just been undertaken by the Occupa-
tional Health Program of the Public Health Serv-
ice for the purpose of obtaining some information
about the relationship of industrial noise to hear-
ing loss. Tt would be better to speak of this
work as a number of concurrent studies, rather
than as one study. We shall not review here the
importance of the problem of industrial noise,
but state merely that most of the questions con-
cerning the subject are still not satisfactorily
answered despite the large amount of worthwhile
work which various investigators have performed
in the interval.

The data reported here were obtained from
studies conducted on workers in certain of the
factories in Federal penitentiaries at Lewisburg,
Pa., Leavenworth, Kans., Atlanta, Ga., and Terre
Haure, Ind.  This study. which is still in progress,
could not have been done without the complete
cooperation of the U.S. Bureau of Prisons and
the Federal Prison Industries, Inc., and we wish
to acknowledge our gratitude not only for their
contributions, but the spirit in which they have
heen made.

Currently there is in preparation a detailed
report of the findings for the first 4 years of
this investigation. We are presenting here only
1 portion of the material to be included in that
report,

The industries included in the studies and the
approximate number of employees in each are as
fotlows:
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Lewisburg, Pa.:

Metal furniture, including steel shelving.. 360
Clothing e 60
Leavenworth, Kans. :
Clothing. . 30
Shoes .o oo e 450
Brushes - e 180
Wood furniture_-.___________ . _________ 90
Printing e 40
Atlanta, Ga.: Cotton textiles._______________ 400
Terre Haute, Ind.: Woolen textiles__________ 175

Total employment in these plants is approxi-
mately 1,800. At the beginning of the studies,
approximately 600 men were selected for peri-
odic hearing tests. Those picked were chosen on
the basis of the amount of additional time for
which they were likely to be employed. Workers
definitely eligible for release from the institutions
in less than 18 months were not included in the
original group to be tested. As men from the
original study group were transferred out of the
industries, they were replaced by newly assigned
workers, so that the total number under study at
any one time was relatively constant. The overall
number of industry workers studied in the period
included in this report is about 1,600,

The workers in the group studied were given
periodic audiometric tests. At the beginning of
the study, all men were examined at 3-month
intervals. Later the test schedule was modifiec
so that testing was done 3 months, 6 months, and
12 months after assignment to a job and then
annually thereafter.

Audiometric testing is done in acoustically
treated test facilities located in the prison hos-
pitals. Testing is performed, under the super-

"Presented at the Industrial Health Conference, Atlantic City, N.J., Apr. 22. 1958,
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vision of the chief medical officer of each institu-
tion, either by medical technical assistants
employed in the hospitals or by inmates assigned
to hospital duties. The test procedures employed
were established by Dr. Aram Glorig, who serves
in a consultant capacity to the Public Health
Service. Dr. Glorig personally provided instruc-
tions on audiometric procedures at the time that
the study was started at each institution.

In addition to the hearing tests performed on
the industry workers being studied, each of the
institutions eventually incorporated an audio-
merrie test into the physical examination per-
formed on all newly admitted inmates. Approxi-
mately 7,000 newly admitted inmates were tested
during the period in question. Data obtained
from these tests are useful not only for control
purposes in evaluating hearing loss from noise
exposure, but also for comparisons with other
large populations which have been studied else-
whare by other investigators. Data from this
group are also of value in comparing findings of
one institution with those of another.

The numbers of newly admitted men tested in
each institution were as follows:

‘.ocation Number
Lewisbure . __ 2,108
Leavenworth __ . _____ . _____.___ 2, 539
Atlanta o ____ 1,231
Terre Hunte__ . __ 1,120

Total = o~ 6, 998

The number of new admissions tested each year
was:

Year Number
10 e 631
194 e 753
1050 e 1, 801
1050 o 2, 417
1957 «6 months) _______ . __ . __ 1,396

Total _ . _.____._.___ e 6, 998

The median ages of men at Atlanta and Leav-
enworth are approximately 34 vears compared
to medians of about 25 years at Lewisburg and
Terre Haurte. This 9-vear difference is due to the
types of institutions involved.

When the studies were begun. the question
arose as to whether data obtained from one in-
stitution properly could be combined with data
from others. Our original feeling was that they

596877 0—61—~—6

should not be combined since testing was not done
under identical conditions in each institution.
If data from different institutions could be
combined, however, it would provide larger
groups for comparisons. Often only a handful of
men of a given age group with a given noise ex-
posure are available in a single institution. In
such small groups, there are serious limitations
to the conclusions which can be drawn from
findings about their hearing. The data from the
various institutions were examined closely there-
fore to see whether such combining of data would
be justifiable and acceptable for certain com-
parisons.

In a long-term study of this nature, changes
in personnel or equipment and other factors may
exert an influence on findings, particularly if the
testing is being performed at a number of geo-
graphical locations distant from the individuals
having primary responsibility for the project.
An evaluation of these factors is not. included in
this paper.

The data from each institution were first ex-
amined for general consistency. This was done,
as shown in figure 1, by observing how much
the distribution of hearing loss at 4,000 cycles in
the left ear varied from year to year. The curves
show the cumulative percentage of individuals
whose hearing loss did not exceed the indicated
number of decibels. Loss at 4,000 cycles was
chosen because this is the point at which greatest
loss most. often occurs. The left ear was chosen
because, on the average, left ears are found to
show more loss. Where a single point is to be
employed for detecting change in hearing due to
noise, 4,000 cycles in the left ear is the most sensi-
tive index. While some variability is demonstra-
ble through statistical tests, it was felt. that. on
the whole, each institution's results were reason-
ably consistent from year to year.

Figure 2 shows the distribution, at each in-
stitution, of hearing loss at 4,000 cycles in the
left ear for the total period of this report, classi-
fied according to age group. As would be ex-
pected, there is a progressive loss with age in
each instance.

Figure 3 presents a comparison of the findings
of all of the institutions for each age group. It
is from an examination of this figure that the
decision can probably best be made as to whether
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or not combining data of two or more institu-
tions is a reasonable procedure.

With one minor exception which will be
pointed out later, we have not combined data
from the study groups of different institutions.
However, the data on new admissions from the
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NEW ADMISSIONS 1954-1957
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FIGURE 2
four institutions have been combined for use for
control purposes. Specifically, we have taken the
combined data for the four institutions at the
505, points as the median value for all new ad-
missions in a given age bracket. For the com-
parisons which follow, we are concerned not only
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with 4,000 cycles in the left ear, but with six
frequencies in each of two ears. Even with a
combining of the new admission data, we have
12 sets of curves for each of the age categories
as shown by the figures 4 and 5 which follow.
Figure 4 shows the losses by age in the left ear
for 500, 1,000, 2,000, 3,000, 4,000, and 6,000 cps
for 6,053 men whose hearing was analyzed.

Figure 5 gives the same data for the right ear.
T' e numbers of men in each age bracket tested
wre as follows:

Figure 6 shows the median hearing loss by age
for each ear in the different age categories. The
consistent difference between left and right ears
is readily apparent. The curves in this figure are
the ones which will be employed in this paper
for comparison purposes where hearing losses
from noise exposures are presented.

Various other populations of comparable size
have been studied in the past by other investi-
gators. One was in the National Health Survey
conducted by the U.S. Public Health Service
in 1935 and 1936. The most recent published
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ears for the 30-39 age group of our study are
compared with those groups in the Wisconsin
and Nattoual Health Survey studies. It will be
observed that there are appreciable differences,
with the prison population having the best hear-
img and the Wisconsin group the worst. This
Henrve emphasizes that large variations can be
forind between different segments of the popu-
ar . Figure 8, taken from the Wisconsin re-
poit, shows the influence of oceupation upom
hwearing, as indicated by the lines representing
otfive, farm and factory workers 30-39 vears of
To this figure we have added data from
our study for the same age group, as shown by

e,

the curve labeled “New Admissions.” One can
° () ® ®
° o o e

30-39 YEARS ===~ N+2280
40-49 YEARS——N=103{
50¢ YEARS=-=-N+358

5

observe that men admitted to Federal peniten-
tiaries have hearing fairly comparable to that of
the Wisconsin officeworkers. Officials of the
Bureau of Prisons agree with our theory that a
large proportion of the men admitted to the
penitentiaries have probably not held steady
employment. for long periods and consequently
have had comparatively little noise exposure.

The remainder of this paper deals with data
obtained from serial audiometric studies on
workers in various industries. Although we have
considerable information on workers with longer
periods of exposure, the data presented here are
limited to a maximum of one year of employ-
ment. in a specific noise environment.
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Since a number of different industries were
included in these studies, a great variety of
noise environments were encountered. The range
of total sound pressure levels extended from 70
decibels or less to 110 decibels or more. A wide
range of sound frequency distributions were en-
countered and many types of sounds from inter-
mittent impacts to continuous constant level
sounds were found. It is generally believed that
the nature of the sound as well as the overall
sonnd pressure level must be taken into consid-
eration In assessing potential effects of noise on
the ear. In this preliminary examination of our
data, however, it was felt that noise environ-
ments should be separated only into a few simple
clas "feations.  Counsequently, they were divided
first into either steady state or intermittent im-
pact classes. Steady state noises were grouped
in the six following ranges:

100-104 db.

95-99 db.

H0-94 dh

R3-89 db.

SO-—Rt dh.

Less than 80 db.
Impact notse environments were divided into
three groups:

100 db.

95 db.

82-42 (dh.
In this first »xamination of findings, each de-
partment has heen placed in one of the nine fore-
going categories in accordance with our judgment
as to the sincle figure which might best indicate
the average noise exposure over a working day.

Some of the data obtained on testing the hear-
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ing of groups of workers after three months and
after one year of employment in the weave room
of the cotton mill are seen in figure 9. This de-
partment is in the 100-104 steady state category.
The larger curves show the median hearing loss
in the left ear of 47 workers at the end of one-
quarter of a year employment in this department
and the median loss in the left ear of 32 workers
in this department after one year of employment.
Also shown is the median hearing loss of all in-
mates between 30 and 39 years of age admitted to
the four institutions. The median age of men
studied in this department was 34 years. The
solid line represents the median hearing loss of
60 workers at the time of assignment to this de-
partment. but before actually beginning work.
Note that their loss was greater than that of the
control group shown by the heavy dotted line.
In classifying inmates for work in the prison in-
dustries, consideration is given to previous ex-
perience in given jobs. Bureau of Prison officials
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have advised us that many of the men assigned
to the cotton mill have had previous experience
in the textile industry. TIn other words, these
men could have already suffered some hearing loss
because of previous employment. Although not
presented in this paper, our data indicate that the
average hearing loss of men to be assigned .to
noisy jobs is greater than that of men to be as-
signed to quiet jobs and that the noisier the im-
pending job the poorer the initial hearing. This
is attributed also to consideration of previous
work experience in connection with job assign-
ments.

As may be noted. a very considerable amount
of hearing loss apparently develops even after
only 3 months of exposure. In this instance, the
lnss after 3 months seems to be almost as great
as after 12 months. It should be emphasized at
this point, however, that these losses and the others
presented in this paper represent temporary and
permanent losses combined.  Additional studies,
to be undertaken soon, may determine how much
of this loss is permanent and how much is merely
2+ temporary threshold shift. It has long been
known that weavers have a noise-induced hearing
lo=~  We believe therefore that an appreciable
pert on of the losses shown in this figure is per-
noent,

| he noise to which these men were exposed
wi~ measured and analyzed in different locations
witiun the department on a number of occasions,

There were 587 looms in this department and the
noise environment was essentially the same
throughout. The solid line in the lower portion
of figure 9 indicates the median values obtained
from all of the octave band analyses performed
in this department over a 4-year period. The lines
above and below it show the upper and lower
quartiles of the data thus obtained. The short
horizontal lines to the extreme left show the total
sound pressure levels. It will be noted that the
median value is 103 decibels.

The remaining curve, which appears on all of
the figures which follow, is the well-known dam-
age-risk criteria curve contained in the WADC
Technical Report “Handbook of Acoustic Noise
Control, Volume 2, Noise and Man,” by Rosen-
blith, Stevens, and the staff of Bolt, Beranek &
Newman. For those unfamiliar with that report,
we would emphasize that its authors did not pre-
sent those criteria as precise figures. When the
criteria were proposed 5 years ago, it was stated
that the contour should not be “* * * taken too
literally since deviations of the order of 1 or 2
db in either direction could probably be disre-
garded. Contours such as these should be inter-
preted as zones with some uncertainty attending
the measurement of the exposure stimulus, and
biologic variability modifying the probability of
damage. We feel, however, that contours 10 db
lower would involve negligible risks indeed, while
contonrs 10 db higher would result in significant
increases in hearing loss.” Other criteria which
have been proposed in the interim do not differ
markedly from these, which, significantly, were
considered to be safe in terms of 8-hour daily
exposures for a working lifetime, for noise that
has a reasonably continuous time character with
no substantial sharp energy peaks. Also these
criteria were proposed, we believe, primarily to
prevent appreciable loss in the speech frequen-
cies, that is, those which lie below 3,000 cps.

In view of these criteria, the fact that the me-
dian values in figure 9 do not. exceed the damage
risk curve by more than 1 db at any point is of
considerable interest.

Figure 10 contains similar data obtained on
testing the hearing of workers employed in the
weave room of the woolen mill. The character
of the noise exposure as determined by the oc-
tave band analyses was quite similar to that found

™
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in the cotton mill. The overall level was some-
what lower, however, the median value being 98
db or approximately 5 db less. This department
had only 42 looms compared with 587 in the cotton
mill. A slight peak was observed here in the
2,404,800 octave band areas. 1In the cotton mill
the peak values were found at 600-1,200 and 1,200~
2,400, The hearing loss of workers in this depart-
ment is apparently considerable although less than
for the workers in the cotton weave room, partic-
ularly at Lo cycles. The group of men tested
after one (uurter of employment shows a slightly
greater los= than the ones tested after four
quarters. I' should be pointed out that not all
of the men tested are to be found in each of the
groups. This becomes apparent when one notes
there were 10 ‘men in the preplacement group,
53 after one quarter, and 30 after four quarters.
Note that the median octave band analysis is at
least 5 b Lelow the criteria curve at all points.

The data in figure 11 were obtained on workers
in the cotton mill employed in departments other
than weaving. Most of these men were engaged
in spinning and carding. The median overall
sound pressure level to which this group was ex-
posed was about 96 db, only 2 db less than the
overall for the weave operation in the woolen
mill and 7 db less than the weave operation in
the cotton mill. The noise is seen to be concen-
trated more in the lower frequencies, particularly
in the three octaves included between 150 and

1,200 cps. The noise is the steady state type.
Examination of the hearing loss curves indicates
a much smaller median loss, less than 10 db, in
the higher frequencies. The numbers of men
tested were 90 in the preplacement group, 83 after
one quarter and 46 after four quarters.

The next three figures are for operations in the
woolen mill, exclusive of weaving. The first of
these, figure 12, is for men employed in dyeing,
picking, and finishing. Median overall sound
pressure levels in these departments is seen to
be 90 db with most of the noise, which was of
steady type, concentrated in frequencies less than
600 cps. Examination of the audiometric data
shows only slight evidence, if any, of hearing loss
after 1 year of exposure. Figure 13 includes
workers in carding, spinning and maintenance.
The overall noise level to which they were exposed
was approximately 88 db with most of the sound
concentrated between 150 and 1,200 cps. The
audiometric data gave no indications of loss of
even a temporary nature. Figure 14 refers to the
workers with still lower noise exposures. The
overall sound pressure level to which they were
exposed was less than 85 db. No signs of any
hearing loss are observable in this group either.

Figure 15 combines the data from the three
previous groups, in other words, all workers in
the woolen mill outside of weaving operations.
The median overall sound pressure level to which
these workers were exposed was 88 dh. These
groups when combined show no signs of any
hearing loss after one year of exposure. The
numbers of men tested here were 136 preplace-
ment, 143 after one quarter and 43 after 1 year.

Data obtained in wooden furniture manu-
facturing in the vieinity of planers and saws is
plotted in figure 16. The median overall sound
pressure level is seen to be 100 db with the oc-
tave band analyses showing an essentially flat
response except at the two ends. [Tnfortunately,
the number of men employed at these opera-
tions was so small that very little data of
statistical value were obtainable. The median
hearing loss for 11 men having one year of em-
ployment in this environment is shown. Data on
enough men were not available for the prepara-
tion of curves for other intervals of exposure.
Only limited conclusions should be drawn from
the results on 11 men. We shall merely point
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out that the median hearing loss values ob-
tained for this group resemble those obtained in
weaving operations where the total sound pres-
sure level was approximately the same.

The next two figures give the data obtained
from workers employed in shoe manufacturing.
Figure 17 shows data for men employed in the
hottoming department and treeing and packing
department. The median overall sound pressure
level for these operations was approximately
94 db. Examination of the octave band analyses

shows a slight peak in the 600-1,200-cps octave
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band with much of the remaining energy in the
two adjacent octave bands. Examination of the
median hearing loss curves for workers in these
departments shows nothing indicative of a hear-
ing loss during the first year of employment.
There were 17 men in the preplacement group,
26 with one quarter of exposure, and 29 with
four quarters.

Figure 18 includes the lasting, making, cut-
ting, sole leather and welting departments. The
sound pattern is very similar to that shown in
the previous figure with the overall sound pres-
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sure level of 93 db being only slightly less. The  with certain brush manufacturing operations.
audiometric data reveal a slight dip at 4,000 ¢y-  The median total sound pressure level in this
cles after 12 months of exposure, but there is  case was just under 90 db. It will be noted that
no evidence of loss elsewhere. Seventy-six men  most of the energy was in the lower frequencies. o
were included in this group with 12 months of  The numbers of men tested in this area were 22
exposure. With a group this size showing this  in the preplacement group, 28 after one quarter,
dip w1 4,000 cps, however, study of the effects of  and 34 after four quarters of exposure. No par-
this environment over a longer period of time  ticular signs of hearing loss are to be seen in
is indicated.  Sixty-seven men with one quarter  these groups.
of exposure were tested and there were 40 in this The results in the next three figures were ob- ®
preplacement group. tained in clothing manufacturing. Figure 20 is
Figure 19 -hows data obtained in connection  for the Lewisburg factory. The overall noise
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level here was 84 db with the energy peak be-
ing in the frequencies below 75 eps.  The median
age of the men in these operations was 25.5
vears. The hearing of the study groups here was
virtually identical with that of the new admis-
stons of 20-29 vears. The numbers tested were
25 in the preplacement group, 36 after one quarter,
and 29 after one vear.

Figure 21 presents data for a similar factory
at Leavenworth, The noize level and pattern is
identical with that obtained at Lewisburg.
Again, the hearing of the workers closely paral-
leled that of new admissions of the same age
group. The ditference here from figure 21 is that
the medium age of the Leavenworth workers was
38.5 vears. The dotted line shown for compari-
son purposes, therefore, is the 30-39 year new
admission group. The numbers of workers tested
here were 17 in the preplacement group, 22 after
one quarter and 27 after four quarters

Figure 22 is the only one in which we have
combined data on workers from two different in-
stitutions. Here we have combined the data
shown in the two previous figures. The numbers
tested were 42 in the preplacement groups, 64
after one quarter and 63 after 1 year. The
median age of the combined groups of workers
was 29 years. It will be observed that their hear-
ing fits between that of the new admission groups
of 20-29 years and 30-39 vears of age.

The remainder of the figures- deal with noise
exposures of the intermittent, impact type. All
of them involve operations in the manufacture
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of metal furniture, including steel shelving. The
measurement of impact noises is difficnlt to ac-
complish. The assignment of a single decibel
value which accurately depicts the weighted
average exposure is even more difficult, particu-
larly in a plant like the metal furniture factory
at Lewisburg, since the types of products, as well
as rates of production, may vary considerably
froni month 10 month. Despite the fact that the
weighted average exposures assighed are under
100 db, workers in these operations were fre-
quently subjected to instantaneous peaks in ex-
cess of 125 db.
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‘The operations are carried out on eight floors.
each 50 feet by 200 feet, located in three build-
ing<.  'Two floors are equipped with punch
presses, shears, brakes, and lathes. Two floors
have metal tinishing, buffing, grinding, and main-
tenance. One floor is devoted to welding opera-
tions. including a spot-welding assembly line.
This factory usually consumes between 600 and
=00 tans of ~reel per month.

As stated varlier, we have attempted to divide
estimated overall exposures in these operations
into three gereral groups. Figure 23 shows re-
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sults obtained in workers in assembly and ware-
house work. The median overall noise level for
these workers is shown as 86 db. It is readily
apparent that no signs of hearing loss appeared
among workers during their first year in these
areas. The numbers tested were 18 in the pre-
placement group, 39 with one quarter of work,
and 31 with four quarters.

Figure 24 presents data from the shelving de-
partment. The median overall noise level as-
signed here was slightly under 95 db. There is
some sign of a hearing loss at 4,000 cps in the
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workers here. The numbers tested were small,
however, there being only 18 after one quarter
and 21 after one year. The preplacement group
contained only 11 men, which may explain the
erratic shape of the solid line.

The data in figure 25 are from the press de-
partment. The overall noise level here is not too

different from that encountered in the shelving
department. We assigned it a value of 96 db.
The octave band analyses indicate a fairly defi-
nite peak in the 600-1.200-cps octave. The shelv-
ing department noise was more concentrated in
the 150 to 600 range. The audiometric data for
press department workers are inconsistent, The
18 men in the preplacement. group and 33 tested
after one quarter of exposure showed hearing
consistently worse, at all frequencies, than the
new admissions in the 20-29 age group. Twenty
men with a year of exposure did not show this
loss.

Since the numbers of men in both the shelv-
ing and press departments were small and since
both were exposed to intermittent. impact noise
of approximately 95 decibels we have combined
the data for them in figure 26. While this re-
veals a slight apparent. loss, particularly at 4,000
cps, we do not believe that definite conclusions
are indicated here.

A detailed report of the overall findings is now
being prepared. Hearing data for other work
intervals should help us to draw some more defi-
nite conclusions, particularly if corrections for
temporary threshold shift can be mude.

FuNC GOVERNMENT PRINVING OFFX E: ba0 | O cage 177
e ® ®
4
L L ®

.
o (
o ‘ {
. 1
L {
° (
® (
° (
° ‘
° ‘
®

°




